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TRANSACTIONS 


of 
AMERICAN SOCIETY OF HEATING 
AND VENTILATING ENGINEERS 


No. 819 


THIRTY-FIFTH ANNUAL MEETING, 1929 


IVE hundred and twenty-four people registered at the 35th Annual Meet- 
F ing of the Society held in Chicago, Ill., at the Edgewater Beach Hotel, 

Jan. 28-31, 1929, with Pres. A. C. Willard presiding. The record of ac- 
complishments may be briefly summarized as follows: (1) approval of revisions 
to the Code for Testing Low-Pressure Heating Boilers; (2) adoption of a Code 
for Rating Low-Pressure Heating Boilers burning solid fuel, so that manufac- 
turers will have a uniform method to use and in that way provide the user with 
a yardstick to compare boilers; (3) approval of a standard -for heat transmission 
symbols, definitions, etc.; (4) voting on several amendments to the Constitution 
and By-Laws; (5) election of two honorary members, and, (6) endorsing the 
Council’s actions for making the Society’s monthly JourNAL a‘part of the new 
publication, Heating, Piping and Air Conditioning, commencing in May, 1929. 


Oliver J. Prentice, representing the Chicago Association of Commerce, made 
the address of welcome and President Willard gave a fitting response. 


The Chairman of the Board of Tellers of Election, E. N. McDonnell, made the 
following report: ’ 


Report of Tellers of Election 


For President: Thornton Lewis 540 
For Vice-President: L. A. Harding 550 
For Second Vice-President: W. H. Carrier 546 
For Treasurer: W. E. Gillham 548 
For Members of the Council (for 3 years) : E. B. Langenberg 549 
G. L. Larson 549 
F. C. McIntosh 549 
W. A. Rowe 548 
1 
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Members of Committee on Research (for 3 years) : 3 W. Armspach 562 


S. Franklin 
F. E. Giesecke 561 
A. P. Kratz 562 
A. E. Stacey 561 


Scattering votes were recorded for various other members. 
TELLERS OF ELECTION 
E. N. McDonnetz, Chairman 
M. T. Clow 
Ws. G. Boaes 
O. W. ARMSPACH 


The Secretary, A. V. Hutchinson, gave the Report of the Council and the 
Secretary’s Report: 


Report of Council 


__ The organization meeting of the Council was held in New York, January 26, 1928 
with Pres. A. C. Willard presiding and the personnel of Council Committees was an- 
nounced. Arrangements were made for a Technical Advisor of the Society and con- 
tract for this service was made with Perry West, Newark, N. J. 

A Committee to revise the Constitution in respect to membership requirements 
was appointed in March and a Constitution for the Pacific Northwest Chapter was 
approved, and changes in the Constitution of the Philadelphia Chapter were okayed. 
A Charter was granted to Indiana members for the formation of an Indiana Chapter. 

An invitation to participate in the World Engineering Congress from E. A. Sperry, 
of New York, was favorably acted upon and a Committee headed by W. H. Carrier 
was requested to prepare a paper for presentation in Tokyo, October, 1929. 

S. R. Lewis, of Chicago, was designated by the Council as the Society’s member 
on the National Research Council for a period of three years and the Society also took 
a the National Fire Protection Association. Additional space at the head- 
quarters of the Society was obtained and necessary equipment installed in June. 
The Council nominated Messrs. Armspach, Chicago; Franklin, Boston; Giesecke, 
Austin, Texas; Kratz, Urbana, Ill.; Stacey, Newark, N. J.; for membership on the 
Research Committee prior to October 1 as required by the regulations. 

The preparation of the Code of Minimum Requirements for printing was authorized 
and this will come to the members in looseleaf form for convenient use, each binder to 
have the name of the member imprinted on the cover. 

The Council selected West Baden, Ind., as the meeting place for the Semi-Annual 
Meeting, June, 1928, and chose C. R. Ammerman, as Chairman of the Committee on 
Arrangements. The result of this most successful meeting was the formation of the 
Indiana Chapter, and the Council believes that the splendid work done by the group of 
men in handling the summer meeting forecasts the success of the new chapter. 

The invitation of the Illinois Chapter for the Annual Meeting, 1929, was accepted 
and the offer of the Ontario Chapter to handle the Summer Meeting, 1929, was heartily 
approved. The Annual Meeting for January, 1930 is to be held in Philadelphia at the 
same time as the International Heating and Ventilating Exposition, which is to be held 
at the Commercial Museum. The Council now has before it, invitations to Massa- 
chusetts for the Summer of 1930 and a very urgent invitation from the Cleveland Chap- 
ter for the winter January, 1931. 

The Council felt that the technical affairs of the Society were increasing to such 
an extent that an assistant secretary trained specially in heating and ventilating en- 

ineering should be added to the staff and this decision resulted in the employment of 
B. D. Close of Chicago for the year 1929. 

A very important decision made by the Council was in connection with the publica- 
tion of THe JourNAL as a te part of the new magazine, Heating, Piping and Air 
Conditioning, to be published in Chicago. The details of this transaction were sent to 
members in a letter under date of January 10, in which it was pointed out that each 
member would receive the new magazine beginning in May, and which also outlined the 
value of this arrangement, both in service to the Society and manufacturer in the in- 
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dustry, and the financial benefit that would accrue to the organization. The contract 
was signed on January 10, 1929 and it is to be effective for three years and can be re- 
newed for two more. 

The usual formal actions were taken by the Council in regard to resignations, 
dropping members for non-payment of dues, reinstating members who desire to re- 
affiliate. The Council has endeavored to carry out the wishes of the members as ex- 
pressed through the men representing the various districts of the country and has 
— at all times with the idea in mind of safeguarding the interests of the member- 
ship. 

Respectfully submitted, 
The Council. 


Report of Secretary 


The activities of the Society have expanded greatly this year and include the 
technical phases, research and publication work. All of this is reflected in the specific 
reports of the finance, membership, research, publication and the technical committees. 

All Society programs have been handled by a Council Committee during the past 
year under the able leadership of Prof. F. B. Rowley, and as a result the last two 
meetings of the Society have had record attendances. 


Two chapters have been organized, one in Seattle, Wash., and the other in In- 
dianapolis, Ind. During the year, President Willard has visited nearly every Chapter 
and has kept the members closely in contact with all Society projects and policies. 

Among the outstanding accomplishments on record for 1928, are first, the addition 
to the headquarters staff of a Technical Secretary, P. D. Close, of Chicago, who 
entered upon his duties in New York, January 14, 1929; second, the arrangement 
made to place THE JouRNAL in the new magazine, Heating, Piping and Air Condition- 
ing, published in Chicago; third, the completion and publication of the Code of Mini- 
mum Requirements soon to be mailed to members and fourth, the sponsorship of the 
International Heating and Ventilating Exposition to be held in Philadelphia at the 
same time as the 36th Annual Meeting in 1930. 

In addition to this the Committee on Research has been very active and has en- 
tered into several more cooperative agreements with colleges, the Laboratory in Pitts- 
burgh has produced reports of far-reaching importance, and the Society has received 
recognition from many other engineering bodies and public bodies. 

One of the important invitations accepted by the Society was to partici in the 
World Engineering Congress in Japan, 1929, and a Committee appointed by i 
is preparing a paper for presentation. 

Several technical committees of the Society have been very active with the result 
that a Revised Code for Testing Heating Boilers and a Code for Rating Low-Pressure 
Steam Heating Boilers for Solid Fuel are to be presented at this meeting. A Code for 
Testing Unit Heaters is being prepared and reports will be made on the status of the 
Code for Garage Heating and Ventilating and a Code for Air Cleaning Devices. 

The Heat Transmission Committee of the National Research Council has re- 
quested approval of its work upon definitions, symbols and units, etc., for heat trans- 
mission work. 

Several Society reports are working under the procedure of the American Stand- 
ards Association on the many engineering projects which are being sponsored. 

The Finance Committee had the books of the Society audited and found that the 
budget has been most successful this year and the Society’s finances and reserves are in 
splendid condition. The response of members to its request for early payment of dues 
was met very promptly and was of great assistance in the demonstration of Society 
affairs. 

In the matter of the membership, 200 new names were added to the Society’s 
roster and under the direction of John F. Hale of Chicago, the interest of all members 
was requested in increasing the membership. One of the serious problems of the future 
is maintenance of the membership at its increasing strength. During the year two past 
presidents have been lost by death as well as several charter members. 

The prospect for 1929 holds forth the possibility of a greater influence by the 
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Society in the profession of engineering, an opportunity for more practical service to 
the membership and at the same time bring greater aid to the layman in providing a 
scientific solution for his problems in heating, ventilating, comfort and health. 


Respectfully submitted, 
A. V. Hutcuinson, Secretary. 


W. T. Jones, chairman of the Finance Committee gave the Report of the 
Certified Public Accountant as follows: 


Report of Certified Public Accountant 


January 15, 1929. 
AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 
29 West 39TH STREET 
New York City 


Gentlemen: 


I have completed the examination of the books of account and records of the 
AMERICAN Society oF HEATING AND VENTILATING ENGINEERS, New York City, for 
the year ended December 31, 1928, and submit herewith the following exhibits and com- 
ments : 

EXHIBIT | 

“A” Barance SHeet—DecemBer 31, 1928 


Schedule 
No, 1—Marketable Securities 


“B” SraTeMENT oF INCOME AND EXPENSES OF THE SOCIETY—FOR THE YEAR ENpvED DeceMBER 
8 


te 


Schedule 
No. 4—-Salaries 


“C” SraTeEMENT oF INcoME AND EXPENSES OF THE PUBLICATIONS—FOR THE YEAR ENDED 
DecemBer 31, 1928 A 
Schedule 
No. 2—Cost of JouRNAL 
No. 3—Cost of GuipE 
No. 4—Salaries 
“D” Comparison oF Bupcet—Society ActTiviTIES 


“E” Comparison OF BupGET—PvuBLICATIONS 


CASH 

A verification was made of the Cash on Deposit by direct communication with the 
banks and reconcilement of the amounts reported to me with the balances shown by the 
books of the Society. 


MARKETABLE SECURITIES 

The Securities kept with me Bankers Trust Company for safe-keeping were veri- 
fied by direct communication. A schedule appended hereto of the Securities owned 
by the Society on December 31, 1928, discloses that the cost exceeded the market value 
by $757.78. 
ACCOUNTS RECEIVABLE 

There is shown below classified as to years a summary of the Dues Receivable from 


members. A detailed check was made of the cash received against the serially num- 
bered Dues Ledger Cards and all dues were accounted for: 


BOE LIMOS TONNR so nids cevcnccecseceese $ 8,711.00 





1927 Unpaid Dues. 3,752.77 
1926 Unpaid Dues. 819.76 
1925 Unpaid Dues. arg 174.50 
Be WIE BUND a wcpeccretecenssoce 20.00 
Tovat, Unease Dug: ....cccvsvicvsiss 13, -: 03 
Lees: Prepaid Dues. ..cccccceccecscoees .41 

Duns BUCRIVARAS. ...cc sc ccssesccs $13,176.62 
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The Dues Receivable were reviewed with the management for the purpose of de- 
termining the collectability thereof and as a result the sum of $6,000.00 was added to 
the Reserve carried on the books to cover probable losses during realization. No 
change was made to the Reserve of $1,000.00 already provided to cover other Accounts 
Receivable as it is considered sufficient. 


A summary of the members active on December 31, 1928, follows: 





MOMS cisedcecnesesss 1462 
Associate Members 396 
SE bs tyra ag ba bse 123 
Students ......... so 1 
es ee ee 1 

1983 


INVENTORIES 


__ The following Inventory of Transactions taken on December 31, 1928, was sub- 
mitted for my verification : 


Year Volume Number Price Amount 
1921 27 216 1.00 $216.00 
1922 28 164 1.18% 194.18 
1923 29 132 1.974% 260.70 
1924 30 262 1.38% 362.21 
1925 31 289 0.96% 275.01 
1926 32 140 1.26% 177.52 

$1,485.62 


TRANSACTIONS covering the years 1927 and 1928, Volumes 32 and 33, respectively, 
have not been published as yet, therefore, a Reserve in the sum of $5,000.00 has been 
provided to cover the cost of producing both volumes. 

All other Inventories and Deferred Charges were determined either by computation 
or count. 


ACCOUNTS PAYABLE 


Amounts due Trade Creditors were determined by trial balance of the unpaid in- 
voices on file. Of the total Accounts Payable, aggregating $9,826.67, the sum of 
$9,542.00 covers Guine and Year Book costs. 

Of the dues charged to Senior and Associate Members 40 per cent has been re- 
served for the Research Laboratory in accordance with Section 5, Article 3, of the 
By-Laws. The sum payable to the Research Laboratory as and when the Dues 
Receivable will have been realized in cash is $11,783.38. In addition there is due the 
Research Laboratory the sum of $6,227.20, representing that portion of the profit 
resulting from the Guipe, which has been computed as follows: 





es Ci CONN. oi. 6.6: We. n-pas die 640d eGhbedanseeds $37,550.22 
I EY MINS oh a 6 'e: dios o.0.6.0:8 3 cen ae Obed SEED Sasa. SOS 25,385.30 
NY COD ids. ocr dicnckbpannedawebsedodwawaes $12,164.92 
OverHEAD EXPENSE: 
Amount charged to Guipe Calendar Year 1927...... 1,944.93 
App: One-half of Increase of 1928 Expenses over 1927 277.21 2,222.14 
9,942.78 
Depuct: Chapter Meeting Expenses.............-. 1,000.00 
8,942.78 
Bonus to Publication Management and Employees (59%) 2,715.58 
Net Prorit rrom Tue Guipe For ResearcH LABORATORY $6,227.20 


ACCRUED ACCOUNTS ro 

Bonus to the publication management, the Clerical Staff and the Solicitor com- 
puted in accordance with resolutions approved by the Council during the current year 
has been included as part of the year 1928 operations. 


GENERAL FUND 


An analysis of the General Fund showing a reduction of $318.59 for the past year 
follows. Had it not been for the fact that the amount expended on the Code of Mini- 
mum Requirements exceeded the Budget Provision by $2,584.52, the General Fund 
would have shown an increment. 
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Generat Funp—Decemser 31, 1927—rer Former REPortT $35,798.54 
Depuct: Loss on Society Operations for the year ended 

Wescader 31 1928 from Statement of Income and 

bs Cphesdie Cag edseseces bene deve umewin 6640s $4,114.12 
App: Profit from Publications for the year ended Decem 

ber 31, 1928, from Statement of Income and Expenses 3,732.53 


og” Se FD ee ee eee 381.59 
Generat Funp—Decemser 31, 1928—rer BaLance SHEET $35,416.95 


Respectfully submitted, 
Frank G. Tusa, 


Certified Public Accountant. 


BALANCE SHEET 


AMERICAN Society oF HEATING AND VENTILATING ENGINEERS, New York City 


December 31, 1928 


¢ ASSETS 


CasH 


On Deposit— General Fund $3,739.59 
On Deposit—Research Fund 1,323.89 


———_ $5,063.48 
On hand 100.00 


MARKETABLE SECURITIES—PER SCHEDULE 





Add: Accrued Interest 


General Fund 25,596.53 
300.84 


——_ 25,897.37 
Research Fund 3,045.61 


Accounts RECEIVABLE 





Picture Frames 
Lrsrary 





Dues 13,176.62 
Less: Reserve for Doubtful 8,970.00 


4,206.62 
Advertisements $35,059.36 
Guides 499.53 


Transactions 108.00 


—— 89 
Less: Reserve for Doubtful 000.00 34,666.89 





INVENTORIES 
Transactions 1, 


mun 


485 
ournal Paper 208. 
ems = 


$ 5,163.48 


28,942.98 


38,873.51 


1,875.78 
300.00 
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FURNITURE AND FIXTURES 





Less: Reserve for Depreciation 


DEFERRED CHARGES 





PUBLICATIONS 
Journal Wrappers and Mailing 


SOciETY 
Printing and Stationery 


LIABILITIES 


AccouNTs PAYABLE 





Due ResearcH LABoRATORY 


Dues 
1928 Guide Profit 





AccruEp AccoUNTS 





Bonus—Publication Management 
Bonus—Employees 
Bonus—Solicitor 

Professional Services 


RESERVE FOR TRANSACTIONS 


1927 
1928 





Funps 


General 
Research 


7 
$4,799.97 
2,710.80 
—— $2,089.17 
221.76 
359.69 
—_— 581.45 
$77,826.37 
$ 9,826.67 
$11,783.38 
6,227.20 
——— 18,010.58 
3,640.60 
728.12 
233.95 
600.00 
5,202.67 
2,500.00 
2,500.00 
5,000.00 
35,416.95 
4,369.50 
39,786.45 
$77,826.37 


Nore “A.” There were no contingent liabilities reported to me and as far as 


could be ascertained none existed. 


Nore “B.” This Balance Sheet is subject to the comments contained in the letter 


attached to and forming a part of this report. 


Exuisit “A” 
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Budget Comparison—Society Activities 
AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 
For the Year Ended December 31, 1928 
Actual Actual Budget Increases 
1927 1928 Provision Decreases 
INCOME 
Dues—1928 $24,288.07 $24,738.49 $25,000.00 $ 261.51 
Initiation Fees 2,465.15 2,499.00 3,000.00 501.00 
Sale of Emblems and Certificate 
Frames 122.50 237.50 100.00 137.50 
Interest Earned 1,347.54 1,175.14 1,000.00 175.14 
Profit from Sale of Securities 161.70 200.00 200.00 
TOoraLs $28,324.96 $28,850.13 $29,100.00 $ 249.87 
EXPENSES 
Salary—Secretary $2,500.00 $2,750.00 $2,750.00 
Salary—Clerical 4,372.51 5,420.00 5,000.00 420.00 
Rent—Room No. 602 1,000.00 1,000.00 1,000.00 
Professional Services 360.00 360.00 400.00 40.00 
Postage 1,153.94 1,219.84 1,500.00 280.16 
General Printing 853.52 970.36 1,000.00 29.64 
Yearbook 743.43 862.78 800.00 62.78 
Cost of Emblems and Certifi- 
cate Frames 52.33 113.31 100.00 13.31 
Traveling—Secretary 953.23 1,335.90 1,000.00 335.90 
Traveling—President 1,500.00 687.51 1,000.00 312.49 
Meetings—Annual and Semi- 
Annual 3,018.02 3,099.58 3,000.00 99.58 
Local Chapter Meeting Al- 
lowance 1,094.90 1,000.00 1,000.00 
Council Meetings 358.17 500.00 141.83 
Exhibit—Power Show 83.65 64.35 100.00 35.65 
$2.00 per Member for Journal 3,908.00 3,966.00 4,000.00 34.00 
$1.00 per Member for Transac- 
tions 1,954.00 1,983.00 2,000.00 17.00 
Dues 60.00 60.00 
Publicity Expense 618.39 195.73 195.73 
Special Boiler Code Committee 628.62 568.41 500.00 68.41 
APPORTIONABLE ExPENSES—60% 
Rent—Room No. 603 1,236.20 1,577.85 1,260.00 317.85 
Office Expense 1,180.76 1,385.46 1,300.00 85.46 
Office Supplies 364.07 430.52 500.00 69.48 
Allowance for Depreciation of 
Furniture and Fixtures 243.37 271.80 300.00 28.20 
$27,818.94 $29,680.57 $29,010.00 $ 670.57 
Prior Year’s Dues REALIZED $ 4,006.15 $5,072.55 $6,000.00 $ 927.45 
Cope or MintmumM REQUuIRE- 
MENTS $ 1,000.00 $ 3,584.52 $ 1,000.00 $2,584.52 


Exuisit “D” 
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Budget Comparison—Publications 


AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 
For the Year Ended December 31, 1928 















































| Budget 
| Actual Actual Provision Increases 
1927 1928 92 Decreases 
INCOME 
JouRNALS 
Advertising $20,190.28 $21,802.15 $21,500.00 $ 302.15 
Sales of Journals 999.63 1,087.38 1,000.00 87.38 
$2.00 per Member from An- ; 
nual Dues 3,908.00 3,966.00 4,000.00 34.00 
$25,097.91 $26,855.53 $26,500.00 $ 355.53 
TRANSACTIONS 
i $1.00 per Member from An- 
nual Dues $ 1,954.00 $ 1,983.00 $ 2,000.00 $ 17.00 
Copy Sales 672.50 259.61 500.00 240.39 
$ 2,626.50 $ 2,242.61 $ 2,500.00 $ 257.39 
GuIDE 
Advertising $27,460.22 $31,539.94 $30,000.00 $1,539.94 
Sale of Guides 3,997.49 6,010.28 4,500.00 1,510.28 
$31,457.71 $37,550.22 $34,500.00 $3,050.22 
SALE OF REPRINTS AND Books $ 1,171.80 $ 84648 $ 1,200.00 $ 353.52 
$ 1,171.80 $ 84648 $1,200.00 $ 353.52 
ToraLs $60,353.92 $67,494.84 $64,700.00 $2,794.84 
Costs AND EXPENSES 
Cost oF PuBLICATIONS 
Journal $12,689.70 $14,297.93 $14,920.00 $ 622.07 
Guide 21,794.53 25,385.30 24,200.00 1,185.30 
Transactions 2,442.03 2,620.31 2,500.00 120.31 
Reprints 796.55 722.66 1,000.00 277.34 
$37,722.81 $43,026.20 $42,620.00 $ 406.20 
EXPENSES 
Salary $ 2,500.00 $ 2,750.00 $ 2,750.00 
Salary—Clerical 3,511.00 4,074.00 4,500.00 426.00 
Professional Services 240.00 240.00 300.00 60.00 
Postage 354.58 337.77 400.00 62.23 
Traveling 749.91 475.46 500.00 24.54 
APPORTIONABLE ExPENSES—40% 
Rent—Room No. 603 864.00 864.00 840.00 24.00 
Office Expense 726.93 860.83 800.00 60.83 
Office Supplies 243.15 122.98 400.00 277.02 
Allowance for Depreciation of 
Furniture and Fixtures 162.25 181.20 200.00 18.80 
$ 9,351.82 $ 9,906.24 $10,690.00 $ 783.76 
$47,074.63 $52,932.44 $53,310.00 $ 377.56 


Exuisit “E” 
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The Report of the Committee on Research was presented by the Chairman, 
Samuel R. Lewis: 


Report of Committee on Research 


_ The Laboratory has continued in accordance with the general policy of encouraging 
University cooperation laid down by this administration. 


Support by our friends in the industry has been generous, and the custom of asking 
for five-year pledges has been discarded in favor of one which asks for annual promises 
with an unwritten understanding that these continue indefinitely during our good 
behavior. 

I am delighted to announce that under this arrangement the necessary funds to 
keep us going during 1929, up to at least our present scale, have been promised during 
the last two months of 1928. 

We have not encroached on the reserve fund. The endowment fund grows slowly 
but is at least established and if, having retired to private life after these years of the 
white glare of publicity, I can now get rich in my private business, I might slip the 
endowment fund something in my will. 

I do seriously remind the Chapters of perhaps forgotten resolutions regarding this 
endowment fund. Some of them, I believe, will at this time, as soon as I quiet down, 
wish to be heard from on the subject. 

The child of the Laboratory, the Association for Coordinating Thermal Research, 
is organized and functioning and has been financed. 

Our technical activities at the various laboratories are evidenced by the various 
papers presented at this meeting. 


Our latest cooperative agreements with Purdue and Harvard Universities are well 
under way, but it is too early to expect very elaborate reports. 

We now have these arrangements with ten educational institutions besides the 
Bureau of Mines and not counting our Weather Bureau Cooperation. 


The latest agreement, just consummated, is with Yale University, and will espe- 
cially cover oil burner research. 


This Weather Bureau cooperation is one of the most interesting activities of the 
Laboratory, as it has grown to include also cooperation with the health departments of 
13 large cities. We may prove, before we get through, undreamed of things concerning 
the effect on health of dust and smoke. We seem to be headed for investigations into 
violet rays, smoke prevention, dust filters, hay fever cures and many other angles under 
the Technical Advisory Committee on Atmospheric Dust and Smoke. I had one letter 
alleging that it was popularly believed that we were going to select the most healthy 
city in the United States, and this Chamber of Commerce wanted to help us select the 
fair city of its own nativity. 

There are no formal reports from any of the technical advisory committees, but 
every one of them has functioned effectively in 1928 and I have had letters from every 
— which indicate that every chairman knows all about what has been going on 
in his line. 

It is a pleasure to know that partly through impetus from the Research Labora- 
tory we now have more papers for presentation at our meetings than we know what 
to do with. 

The Laboratory is now holding back, permitting careful study and checking and 
digestion, a number of valuable papers from its staff, while our publication committee 
no longer has to beg for papers, but can, on the other hand, pick and choose and turn 
away with high disdain. 

The chairmen of our technical advisory committees are at this meeting. Prac- 
tically every learned professor who will speak at any of our sessions belongs to the 
staff of our Research Laboratory. 
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Financially the situation is as follows: 
Income for 1928 


Received from member dues........... $12,722.96 
Received from interest on deposits....... .3 
Received from contributions...... ah ane de 12,690.32 
Promised from dueS..........eeeeeeeess 4,275.00 
Promised from GuIDR............+.-++: 6,200.00 
Overdue 1928 coulaiaibent be RPEU hes wee 2,625.00 
38,657.66 
Gate: Gee WR pecctnectccccecaaseees 32,867 .07 
Te SUPUS. ccocecccccvessccssccsccsces $ 5,790.59 
ur budget was.........s2++ $35,175.00 
We expended ............+- 32,867 .07 
Beating the budget......... $ 2,307.93 - 


We have written promises of contributions for 1929 amounting to $9,600.00 made 
prior to January 1, 1929, with many of our best friends yet to hear from, so that the 
outcome financially i is more favorable by far than it has ever been before. 


It is with real regret that I relinquish the fun of being Chairman of the Committee 
on Research, 


It is with real pleasure, however, that following the traditions of the office I have 
led pe oe pent in nominating and electing my distinguished successor as chairman, Prof. 
arding. 


This man has given the Society very generous service on the Committee on Re- 
search, also as Chairman of the Committee on the Code of Minimum Requirements, 
and more recently on the Council. 

He combines astuteness as a scientist with commercial ability of a high order. 

; an _ glad that I shall still have one year on the Committee on Research under his 
leadership. 


Respectfully submitted, 
S. R. Lewis, Chairman. 


As a preliminary to the discussion of the subject of boiler testing and rating, 
President Willard stated that for a number of years the Society’s Code for Test- 
ing Low-Pressure Heating Boilers had been in effect but that progress had made 
revisions necessary and from time to time this work had been undertaken by 
special committees. In the work of the Committee on Rating of Boilers, it was 
found that the Testing Code needed to be brought into agreement with testing 
practices of today and that the Council had placed this matter in the hands of 
Mr. Kellogg’s Committee and he was glad to introduce Mr. Kellogg, who would 
present the report of the Committee on Code Testing for Low-Pressure ‘Heating 
Boilers, which had been studied in detail by the Council and the Society, and 
unanimously approved for presentation to the Society for action. 

Alfred Kellogg of Boston then presented the recommendations of his Com- 
mittee on the Revision of the Society’s Code for Testing Low-Pressure Heating 
Boilers and recommended its approval by the membership. This motion was 
seconded by Dean F. Paul Anderson, who stated that it was his pleasure to 
second the motion for adoption of this Code; first, because of the necessity for 
a Code of this kind and the opportunity it gives us to present to the engineering 
world, facts in reference to the performance of boilers; second, because, when it 
needs modification, the Society has provided the necessary machinery in the 
form of a competent committee to safeguard the users. 

President Willard invited discussion on this subject and in the absence of any 
further suggestions, a vote on adopting the revised Boiler Testing Code was 
taken and the motion unanimously carried. 
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Mr. Kellogg proceeded with the presentation of the report of his Committee 
on Rating of Low-Pressure Heating Boilers. 


He reviewed the work undertaken by the Committee on Code for Rating Low- 
Pressure Heating Boilers and F. C. Houghten, director of the Research Labora- 
tory demonstrated by means of black-board sketches, the method of using boiler 
performance charts in obtaining an A.S.H.&V.E. rating. Mr. Kellogg then 
stated that the Committee submits the Code to the Council and Society for con- 
sideration and adoption. 


President Willard called for a discussion of the subject and stated that the 
Council was unanimous in its endorsement of the Code for Rating, and L. A. 
Harding moved that the Code dated January, 1929 be adopted as one of the 
Society’s Standard Codes. 


A substitute motion was offered by Dr. Brabbée suggesting that the Code be 
presented to the boiler manufacturers for further discussion. The motion was 
seconded by Homer Linn and on vote, was defeated. 


The original motion offered by Mr. Harding, seconded by Mr. Carrier, on 
vote, was passed. 


It was pointed out by Professor Willard that further revisions of the Society’s 
Code would be needed in the future and it was the opinion of the officers that 
provisions should be made for the future handling of this work so that sugges- 
tions received from the membership and others who might use the Code, could 
be classified and incorporated as occasion might require. Therefore, it seemed 
justifiable to advise the Society that President-Elect Lewis and the present in- 
cumbent have conferred on the matter and agreed that a committee should be 
appointed for the purpose of interpreting,-continuing and extending the Testing 
Code and the logical men were’ L. A. Harding, the new Chairman of the Com- 
mittee on Research, R. V. Frost, a man of well-known experience in boiler test- 
ing work, and F. C. Houghten, Director of the Society’s Research Laboratory. 


COMMITTEE ON RATING LOW-PRESSURE 
HEATING BOILERS 


REPORT OF JANUARY, 1929 


HE June, 1928, report of your committee which was submitted to the Society at 

Semi-Annual meeting was referred back to the committee for reconsideration, 

but without any definite recommendations. Your committee, therefore, con- 

sidered it advisable that the Resolution adopted by the Society should be referred to 

the Council. This was done, accompanied by the request that the status of the com- 
mittee be reconsidered and, if necessary, that it be reinstructed. 


The recommendations of the Council were passed at its meeting on October Ist 
and were printed in the October issue of the JournaAL, page 769. The committee was 
instructed to prepare a code which would cover the determination of the output without 
covering Selection, the preparation of the Code for Selection being allotted to the 
Committee on Code of Minimum Requirements. The Council stated “That the Boiler 
Rating Code requested is to embody the best judgment of the Committee, in the light 
of West Baden and other discussions, of what will constitute the most workable Code.” 


Your committee therefore prepared a new code complying with these instructions, 
and submitted it to the Council, which approved it at their meeting on December 6th. 
The new code is appended to this report. 
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In its previous reports your Committee has recommended that the Rating outputs 
be based on safety from priming and on the temperature of the flue gases. The reports 
have shown that such a method is fundamentally sound and is logical, and that the 
numerical value adopted for the temperature of the flue gases was, to a large extent, 
immaterial, but that the meaning that would be associated with Rating values so de- 
termined would depend on the numerical values adopted. The reports have pointed 
out that the information conveyed by such a rating output was only part of the data 
required in comparing boilers and that the other operating characteristics of stack 
draft and rate of burning must be given consideration. The reports have also shown 
that if a standard method of rating were adopted, then the Code for Selection could 
fix the relationship between the maximum demand load and the Rating output and 
could vary the ratio between these with the boiler size, or could change it from time 
to time to meet service conditions. 


Previous reports have suggested that the determination of the Rating output could 
be made to include some measure or limitation of the fuel bed operation, such as rate 
of burning, and the Committee has suggested that this was desirable, but the suggestion 
did not receive any active support. In spite of this, a study of the discussion at the 
Semi-Annual meeting indicates that, without knowing how it was to be accomplished, 
the speakers were in favor of an arbitrary method of rating by which the numerical 
value would express a combined measure of the heating surface and grate area. The 
value of these two factors is expressed in terms of operating characteristics, under 
controlled conditions, by the flue-gas temperature and rate of burning per unit area, 
respectively. : 

The Code which is now submitted adopts this principle. It retains the priming 
limitation and establishes an arbitrary output equality between boilers of different 
ratios of heating surface and grate area by balancing the one against the other. Such 
a method is logical as a means of expressing an average numerical value and, in effect, 
corresponds to that used for rating warm air furnaces. 


The Code as submitted assumes that a series of tests have been made and a Per- 
formance Chart plotted ; for the purpose of this Code a complete chart is not necessary, 
and the tests could be restricted to the range of outputs in which that of the Rating 
value will probably occur. 

The Council believed that the Code should also include the determination of the 
Rating output of hot-water boilers which are tested as such. This has not been in- 
cluded in the Code submitted, but its arrangement and titling are such that hot-water 
boilers can be included in the future. Such ratings would be similar to those for low 
pressure steam except that the priming limitation would be replaced by one covering 
freedom from water hammer, and probably some measure of the hydraulic resistance 
of the boiler. The Committee did not consider it advisable to fix such limitations 
because the Society has no code for testing hot-water boilers. 

The Council instructed the Committee to revise the 1925 issue of the Code for 
Testing Low-Pressure Steam Heating Boilers to be. in agreement with the Rating 
Code. The Rating Code as submitted does not require any changes in the principles 
of the Testing Code. The Committee is submitting a revision, in which the 1925 issue 
is made more complete by the addition of fuller instructions and advice. There also 
was careful consideration of the various conditions under which boilers would be 
tested. It was recognized that the more frequent application of the Code is in the 
testing of boilers on a test block when there would be fuller facilities. In addition to 
this, however, a code issued by the Society should be suitable for general use. 

The Committee recognized that there has been a demand for a shorter code, in 
fact a committee was appointed a few years ago to draw up one, but nothing was ac- 
complished. The revised code takes care of this in the revisions of the forms. The 
1925 issue calls for complete measurements of the boiler and other details which would 
only be required under very special circumstances. It is, therefore, logical that these 
can be omitted and not included in the standard forms, leaving it to the engineer to 
include them in his special report. It was also recognized that boilers are often tested 
without attempting to obtain a complete heat balance, and without having a full analysis 
of the fuel. These conditions have been taken care of and the tabulated items have 
been reduced to the smallest number consistent with the various uses to which the 
Code may be put. 
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The 1925 issue has always carried a foot-note that forms could be obtained at a 
nominal cost. It was evidently the original intention that the forms called for by the 
Code should be printed so that they could be used by the testers and for reports. The 
Committee does not submit the revised Code as a series of form sheets which could be 
duplicated, but its divisions are such that such forms could be drawn up and printed 
should there be a demand for them, and should the Society decide to supply them. 


Respectfully submitted by the Committee, 


ALFreD KELLocc, Chairman 


F. C. HoucHTEen P. NIcHOLLS 
SAMUEL R. Lewis L. E. SEELey 


Code for the Rating of Heating Boilers Burning Solid Fuel 
(Issue of January, 1929) 


PURPOSE 


HE purpose of giving heating boilers Rating output values as defined by this 
Code is to establish a method of determining from the operating characteristics 
a Rating which will give reasonably fair comparative values for boilers of differ- 
. ent sizes or design. 

This Code is not intended to supplant the more correct engineering practice of determining the 
available output of boilers for specified operating conditions by a study or analysis of the complete 
data given by “performance charts;” nor does it preclude the assigning of other rating output 
values to meet purchasing specifications or a specified set of operating conditions. The rating out- 
puts as determined by this Code are intended for average conditions and for the use of purchasers 
not competent or desirous of making comparisons and selection from performance charts. 


Ratinc DESIGNATION 


Rating outputs conforming to this Code shall be known as A.S.H.&V.E. Rating. 
This Code fixes the maximum output that may be designated as the A.S.H.&V.E. 
Rating. The output allowed by this Code may require a higher draft or other operating 
characteristic than the manufacturer would desire when listing the boiler for average 


use; this Code allows that a lower rating output may be chosen and may be listed as 
the A.S.H.&V.E. Rating. 


Test SPECIFICATION 
Low-Pressure Steam Heating Boilers. 
The tests of the boiler shall have conformed to the Code for Testing Low-Pressure 


Steam Heating Boilers of the AmericaAN Society oF HEATING AND VENTILATING 
ENGINEERS. 


A series of tests shall have been made and a Performance Chart plotted showing— 
for the purpose of this Code—flue-gas temperature, rate of burning fuel of a calorific 
value of 12,500 and draft at smokehood against rate of output. 


The average carbon dioxide (COz) in the flue gases within the range of the Rating 
output defined by this Code shall not be less than 12 per cent by volume by flue-gas 
analysis when burning anthracite or coke, nor less than 10 per cent when burning bi- 
tuminous coal. 

Ratinc DEFINITION 
LOW-PRESSURE STEAM HEATING BOILER 


The Rating Output of a low-pressure steam heating boiler burning solid fuel shall 
be determined as follows: 


Hand-Fired Boilers. 
From the Performance Chart and the curves of Fig. 1 of this Code, determine— 
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(a) The rate of output at which the temperature of the flue gas leaving the boiler 
was that fixed by the flue-gas temperature curve of Fig 

(b) The rate of output at which the average rate of burning per square foot of 
nominal grate area was that fixed by the fuel rate curve of Fig. 1. 

The A.S.H.&V.E. Rating output for hand-fired boilers shall be the lower of the 

two outputs “a” and “b” plus 30 per cent-of their difference, provided the priming at 

the output so p Bnet does not exceed two per cent moisture. 


Mechanical-Fired Boilers. 


The A.S.H.&V.E. Rating output for mechanical-fired boilers that have been 
tested as a combined unit shall be that fixed by the flue-gas temperature curve of Fig. 
1, provided the priming at the output so determined does not exceed two per cent 
moisture. 


STANDARD RaTINGS 


There shall be two standard ratings, to be termed the Anthracite Rating and the 
Bituminous Rating, respectively. 

Manufacturers shall determine and publish both of the standard ratings for boilers 
which are sold for use with either anthracite or bituminous coal. It is recognized, 
however, that there are types which are designed primarily for use with a particular 
fuel, and therefore that fuel would be used in determining the ratings. Ratings deter- 
mined with other than the two standard fuels shall be published as SPECIAL 
RATINGS, and the fuel used in the test shall be specified by type, bed or other manner 
necessary Clearly to define it. The same limiting conditions and test specifications 
shall be used for special rating tests as for the standard, except that when using fuels 
high in free hydrogen, or when using low-grade fuels, it shall be permissible to lower 
the allowable average COs: content of the flue gases to a minimum of 8 per cent. 


STANDARD FUELS 


The following descriptions specify the standard fuels as they apply to the purpose 
of this Code: 

Anthracite. Any anthracite which by proximate analysis has not more than 8 per 
cent- volatile on a moisture and ash-free basis. There shall be no limitation to the size 
of fuel permissible, but the size must be stated. It is recommended, however, that stove 
size (2% to 1 9/16 in.) be used. 


Proximate chemical analyses usually include the moisture and ash. The percentage volatile 
on a moisture and ash-free basis is computed by simple proportion and is: 
100 





Actual volatile percentage x 0S — Gaslaues + Gab qovaeiaes 

Bituminous Coal. The coal to be used in bituminous tests may be caking or non- 
caking (free burning) and shall contain not less than 35 per cent volatile on a mois- 
ture- and ash-free basis. There shall be no limitations to size of fuel permissible, but 
the size used, and whether it is caking or non-caking, must-be stated. 

(The practices in marketing bituminous coals are not standardized. Caking coals 
are but rarely available to definite sizes; sized non-caking coals are more available. 
It is recommended that as sized bituminous coals become available a size of 3 by 2 in. 
be standardized for test purposes.) 


Ratinc Data 


Essential data required in statement of Rating are: 

(a) Fuel, kind and size used 

(b) Rating output 

(c) Average draft at smokehood in inches of water, at Rating output 

(d) Average flue-gas temperature at Rating output 

(e) Average combustion rate, pounds of coal of 12,500 Btu per square foot of 
(equivalent) grate area per hour. 
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DISCUSSION 
ALFRED KELLocG: It would, perhaps, prove interesting to many of you if we 
should rehearse (in part at least) the history of the many attempts by this 
Society and other organizations to formulate a satisfactory code for rating low- 
pressure heating boilers. As you well know, all such efforts for one reason or 
another came to naught, and the time available at this meeting precludes going 
into this phase of thé subject so familiar to many of you. 


The instructions given this Committee at the time of its appointment, were 
that a standard code for rating low-pressure heating boilers should be drawn for 
the guidance of boiler manufacturers, in determining output; and that the data 
so obtained should be clearly stated in the manufacturers’ catalogs, to be known 
as the A. S. H. & V. E. RATING. This would not preclude manufacturers 
from publishing output based on other conditions of operation, but the state- 
ment of the Society’s rating would provide a yardstick by which purchasers 
could compare one boiler with another, regardless of make or design. This work 
was undertaken at the request of the U. S. Dept. of Commerce. 


This Committee, very early in its work, concluded that it would be possible 
to afford the boiler-buying public what might be called a ONE FIGURE RAT- 
ING. That, briefly explained, is this: that from performance curves obtained 
by the manufacturer from actual tests, definite points thereon could be charted 
or published in simplified form so that the purchaser of a boiler could know 
that the boiler would carry him through any extreme weather condition he would 
be likely to encounter. 


The question of efficiency under such conditions is considered of secondary 
importance, because of the fact that a one figure rating would naturally be one 
that would carry it through the peak loads which might occur two or three 
times during the winter, probably never longer than a week at any one time, and 
under such conditions the owner could well afford to forget all about efficiency 
for the time being. That is what we all do. 


Starting with that premise, we next endeavored to obtain the advice and ex- 
perience of both the individual manufacturer and of the three organizations that 
had put in much time in trying to solve the problem, and we therefore requested 
these organizations, including all boiler manufacturers, to cooperate with us. 
In most cases our overtures met with a gratifying response. 


Some manufacturers, however, did not seem to uriderstand our objective, 
and as a result many meetings have been held during the past two years. One 
important hearing covering three days was held at Pittsburgh in April last, at- 
tended by about 30 representatives of the manufacturers and several contractors, 
and great interest was taken in the work of the Committee at those meetings. 
Our Committee has received valuable suggestions from various sources, some 
of which we have embodied in the several reports that have been placed before 
you from time to time. 

Keep in mind, however, the objective of the work on which we are engaged: 
that is, to establish, if possible, the simplest rating factors that can be utilized 
by NINETY PER CENT OR MORE of the purchasing public. 


As a result of the hearing at Pittsburgh, we submitted the report presented 
to the Society at the West Baden meeting. One or two members of the Com- 
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mittee were unfortunately unable to attend the meeting and the Committee has 
felt that perhaps its position was not clearly understood at the time. However, 
there were certain suggestions made by those present, some of which have been 
embodied in the report that you have before you. 


In the present report there is a chart which we are going to explain. In the 
curve of flue-gas temperature, the temperature line rises sharply at about the 
1000 sq ft rating figures shown at the bottom of the chart. 


It was realized that 90 per cent of the total boiler sales are of 1200 sq ft or 
less capacity, therefore it was felt that in those small sizes it would be permissible 
to allow a temporary increase in flue-gas temperature above normal, keeping in 
mind the very short period that boilers have to operate at maximum output. 
Under normal conditions the gas-temperature conditions would be much lower, 
accompanied also by a satisfactory degree of operating efficiency. 


There are, however, other features of the chart that should be clearly brought 
out, and I am going to ask Mr. Houghten, who worked upon that feature, to 
further explain the chart reproduced on the blackboard. 


F. C. Houcuten: How to rate a boiler in accordance with the rating code 
which is before you is the question that I am required to answer. In order to 
do so the two charts, Figs. 2 and 3, have been prepared. 

Fig. 2 is a performance chart for a boiler. It is a picture of what the boiler 
will do under different operating conditions. Let us now consider it the per- 
formance chart of a particular boiler that we want to rate in accordance with 
the A. S. H. & V. E. rating code. 


You are probably acquainted with such performance charts. We plot on the 
horizontal, or the rate of heat outpvt axis, the various items which enter into 
the performance of a boiler. For instance, the flue-gas temperature is plotted 
against output, giving curve 4, showing that the flue-gas temperature rises from 
380 to 970 F as the builer output increases from 1000 to 7000 sq ft equivalent 
direct radiation. 


There is also plotted the rate of combustion, in pounds of fuel burned per 
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Fic. 3. Metuop or DerermininGc A.S.H.&V.E. Borer RatING 


hour per square feet of grate, against the output, giving curve B. Likewise, the 
draft required and the efficiency resulting are given by curves C and D. 


Now, how do we rate this boiler? In the chart, Fig. 1 of the rating code, 
the rate of combustion and the flue-gas temperature limitation curves are plotted 
against boiler output. To rate the boiler which is represented by the perform- 
ance chart, Fig. 2, you may take the limitation curves from Fig. 1 of the 
rating code and superimpose them upon the performance chart, or you may 
take the flue-gas temperature curve and the rate of combustion curve from the 
performance chart and superimpose them on Fig. 1 of the rating code. 


The chart, Fig. 3, is the same performance chart of the boiler to be rated as 
was shown in Fig. 2. In addition to the four solid line performance curves 
given in Fig. 2, the flue-gas temperature limitation curve and the rate of com- 
bustion limitation curve from Fig. 1 of the rating code are superimposed on this 
performance chart giving the broken line curves A’ and B’. 

To find the rating of the boiler find the intersection X of the flue-gas tem- 
perature performance curve A and the flue-gas temperature limitation curve 
A’. Also the intersection Y of the rate of combustion, performance curve B 
and the rate of combustion limitation curve B’. 

X and Y give boiler outputs of 4030 and 6740, respectively. Provided the 
performance curves were plotted from tests showing the required percentage 
of CO, and not over 2 per cent of moisture in the steam, the rating of the boiler 
will be the lower of the two outputs X and Y plus 30 per cent of their differ- 
ence, or it is 4030 + 0.30 (6740 — 4030) — 4843. 

According to the code the A. S. H. & V. E. rating of this boiler is stated as, 


RATING DATA 
RY vo Cited bbb o e06edeesd 60s 0b0bse-ebse amano news ban suatncéadetl stove size anthracite 


6) Ra Qo 6.6 0.0.6 05:40:60.0 0'n0680 06bbd eine cde tesdeciebacereesanseensee 4843 

(c) rn ee OO SU CUE, 6, cs icctndepandlcebenececesedenecsoces 0.21 in, 2° 
(d) Average flue-gas temperature at rating output............-.seceeceeeencesseneceees 800 F 
(e) Average rate of combustion at rating output............. 8.7 Ib per sq ft of grate per hour 


Mr. Ketiocc: The chart that Mr. Houghten has just explained to you the 
Committee feels will prove simple to apply, although somewhat arbitrary. It 
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will probably be modified in certain particulars as experience in its use dictates, 
but for the purpose for which its use is suggested, it will prove entirely fair to 
every manufacturer and heating contractor. 


The proposed rating cede that you have before you is essentially the same one 
we offered six months ago, with the addition of the chart. 


With this presentation, therefore, the Committee submits the code to the Coun- 
cil and to the Society for its consideration, and recommends its adoption. 


PRESIDENT WILLARD: I want to say in connection with the presentation of 
the Report of the Committee on Code for Rating Low-Pressure Heating Boilers, 
that the rating code has been under consideration by the Society for almost as 
long a time as the testing code which we have had as an official code of the 
Society for a number of years. 

The Council has reviewed the rating code, which is an entirely new code, in 
the last three months. The suggestions made to the Rating Code Committee 
at West Baden and subsequently, to the West Baden meeting, have been given 
very careful consideration, and those suggestions have been incorporated, as far 
as possible, into the rating code that Mr. Kellogg is presenting this afternoon. 


The Council is in entire agreement with the report of the Committee. The 
code itself, like the testing code, undoubtedly will require interpretation from 
time to time. It will be necessary to have such an interpreting committee, and 
the identical committee, of course, which will function for the testing code, will, 
if the Society does adopt the rating code, be charged with the responsibility of 
interpreting and keeping the rating code up-to-date, bringing into agreement the 
conflicting ideas and suggestions that may be offeréd by the members of the 
Society as they try to apply the rating code in actual practice. 

The Council is equally unanimous in its endorsement and acceptance of the 
rating code, and they recommend the code, unqualifiedly to the Society for adop- 
tion at this time. 

L. A. Harpinc: I move that the code for the rating of heating boilers burn- 
ing solid fuel as of date January, 1929, be adopted by this organization as one 
of its standard codes. May I say just a word? 

To my positive knowledge, this Society has battled with this situation for a 
period of sixteen years. I was one of the conscientious objectors at the West 
Baden meeting to the proposed code as reported at that time. Since that time 
the Committee, I think, has fully and adequately met many of the objections to 
the code that were presented at that meeting. I did not feel that the code, as 
written at that time, fully reflected the physical characteristics of the boiler. I 
think that the Committee has now met that objection and the two limiting curves 
reflect two things—grate surface and heating surface in the boiler—and that is 
why I am in favor of adopting the code at this time. 

Now, no codes are perfect ; no one could possibly write perfect codes. Changes 
no doubt will have to be made from time to time to bring it up-to-date. That 
is true of all codes. 

W. H. Carrier: I want to second Mr. Harding’s motion. I think I have a 
word of explanation to make because I, too, was one of the conscientious ob- 
jectors. I did not pretend to know much about boilers. I have been educated 
a lot since; so much so in fact that I realize there is a lot more to be learned. 
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I do believe, however, that the Committee has given this code a very thorough 
consideration, and has done a great deal of constructive work on it, also that 
they have considered various organizations and manufacturers in so far as they 
could get any agreement or expression of opinion. 

Another question in my mind was, do we need any code of this kind at all? 
The fact that other organizations, whose members use these boilers, have felt 
that there was so much need of a code of rating as to adopt a tentative one has 
almost convinced me that some code, one on a sound scientific basis if possible, 
is desirable. 

Our Council has given the subject matter of this code thorough consideration 
in two lengthy meetings, and, while we do not profess that this is by any means 
an ultimate or perfect code, it does meet many of the previous objections and 
forms, at least, a basis on which to start. We are providing an able committee 
to make such improvements and alterations as may be found necessary to work 
out the code on a practical basis. 

I realize that the effect of a code may be to alter manufacturers’ designs. If 
this is toward the interest of the public, as well as the manufacturer, then such 
a code is beneficial. On the other hand, it is possible for a code, if its pro- 
visions are inadvised and not promptly altered, to work in the reverse direction. 
We do not as a Society wish to do harm to the interest of any manufacturer nor 
of the public and, should any such tendency be shown, I can assure you that 
measures will be promptly taken to have the code properly changed. It is also 
inadvisable to have any code so rigid that it will tie the manufacturer down and 
not permit rational and progressive developments. 

This code is not intended as a fixed and unvarying law, but one which can 
now be adopted and changed as the art advances, or as our knowledge of the 
art increases. In fact, it should be made a very important subject of research 
at our Laboratory for the determination of the fundamental factors involved 
and their physical and economic relationship. 

I cannot see the argument of those who say, after all these years of effort to 
obtain a code, to wait still longer until we get a perfect code before it is adopted 
by this Society. Such a procedure is contrary to all human experience. If 
the manufacturer waited until he had perfected a new product to place it on 
the market, it never would be placed on the market for the very good reason that 
engineers and manufacturers are human beings and not omniscient. A product 
can only be perfected by being placed in use and its shortcomings and possibili- 
ties of improvement determined in actual practice. The same is true of this 
code, and such is the method this Society must adopt if it ever has a code. It 
is for this reason that I am seconding this motion and recommending it to you 
for adoption at this time. 

PRESIDENT WILLARD: You know, the discussion on this matter is very im- 
portant. I would like to have Dean Anderson say a word or two in this con- 
nection. 

Dean ANDERSON: Mr. President, I think I have never had anything in all 
my life that gave me as much concern as this rating code. I must confess that 
I do not know which way to turn. I have been in a curious frame of mind for 
months about the whole thing. 1 was certainly opposed to the code that involved 
the one principle of trying to rate all boilers from flue-gas temperature of 700 
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deg. That was so foreign to my intelligence that I was absolutely opposed to it, 
and without any conference with anybody, and just in a spontaneous moment, 
I opposed the code as presented at the West Baden meeting. 

Now, this Committee accepted the will of the Society at that meeting, and got 
away from that 700 deg point. They also got away from the question of selec- 
tion of boilers. 

Now, I have gotten myself in this frame of mind in reference to the Boiler 
Rating Code: we have been jockeying with this boiler rating code for a long 
time, and I feel satisfied if a document of this kind is too many times turned 
back to the Committee for revision that it will eventually die in its tracks. Do 
we want to do that, or do we want to try and put ourselves in a constructive 
frame of mind, boiler manufacturers, members of the Society in general, and 
users of boilers—do we want to try the experiment of seeing how illogical this 
proposed code is, or how good it is? 

I have been forced, through the opinions of scientific members of the Society 
and men who have been giving this house boiler method of analysis a great 
deal of thought, to come to the conclusion that we can afford to adopt this code, 
and if it is absolutely wrong, then let the boiler manufacturers, and those who 
are interested in the design of boilers, show to this Society that the thing is a 
fallacy from one end to the other, but I would like to see the code adopted as 
a starting point. I do that because it seems to be the wish of men who are 
doing the constructive work of the Society, that we should have at this time 
something to begin to work on. If it is wrong, then it becomes the most virile 
target that the Society has ever had, and the code will be torn to pieces, and 
shown in a very short time to be absolutely inadequate for the purpose for 
which it was intended. 

I do not know whether the code is right or wrong. I do not see all the rela- 
tionships. I am going to be perfectly frank. We may be adopting an arbitrary 
process of doing something that will never work out. I have a sort of a feeling 
that we will find many fallacies in this present code presentation, but I am in 
favor of adopting the code now unless it does somebody some great injustice; 
if it can be shown here that this code is to do the boiler manufacturers an untold 
injustice, then I am opposed to it, but I, after thinking the matter over many, 
many times, have come to the conclusion that this code cannot do any harm 
because we have protected the Society by putting it in the hands of a competent 
committee of experts, to discuss the code, and to revise where inadequate or 
faulty. This continuing committee stands as our official board of experts to 
receive all objections, and certainly if the code is not right the boiler making 
world will show to this Society that we have committed the fool act of adopting 
something that does not work out in our engineering practice. 

That is my own personal attitude. In a sense, it is a sort of a confession, 
that I am not fully cognizant of all of the elements that enter into this code; it 
is more elastic than the idea of a code limiting the performance of boilers to one 
of the variables, one making a constant as the guiding star of what boilers can 
do. In that respect it is certainly more elastic than anything we have had pre- 
sented to us heretofore. 

I know that hundreds of men manufacturing boilers are interested in this. 

There has been in the minds of many men—not in my mind—a general im- 
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pression that there is some subtle and secret process in reference to the design 
of boilers, that the boiler maker is not ready to give to the world, some curious 
and weird analysis that we must not know about. 


Gentlemen, no progress in all this world has ever been made by any manu- 
facturer who takes that attitude. The attitude of the world today is to let 
everybody have all the information in reference to everything. Why, you can 
all remember the time when every manufacturer of machinery, harvesting ma- 
chinery makers especially, adopted curious threads on all fastenings, so one 
never could find a nut to make a repair except by sending to the original manu- 
facturer. : 


And so we went through the throes of labor in bringing forth a standard 
screw thread which everybody now uses. Now, you young men present can 
hardly conceive of such a mechanical chaos as that, but there was a time when 
even the screw thread was as variable as the winds in summer and it was 
thought good business to make it mysterious. Fix a bolt so that no one could 
ever put on a nut unless he went first to the manufacturer who had made this 
particular nut for this particular bolt. 


We have seen that sort of evolution go on in every engineering development. 
The greatest progress that the world has ever seen has been in the automobile 
business. Why? Because every known variable in connection with the build- 
ing of internal combustion engines has been given to the world, and for an 
illustration, look in the lobbies of this hotel just now where you will see that 
many of these gentlemen have brought their machines and put them side by 
side to be torn to pieces if faulty. In other words, they want the world to know 
what is good, and it is the common practice of automobile manufacturers today 
to take machines of various types and put them under severe tests of endurance. 
They have laboratories and testing grounds where they will take a well-known 
machine that seems to be giving service, and drive it under every conceivable 
difficulty to see where it fails). The manufacturers also do that with their own 
cars. 

The manufacturers look for excellencies in other cars. As a result of all this 
frankness today we have the most perfect romance of transportation that the 
world has ever seen, and it has been due, gentlemen, to the fact that all auto- 
mobile engineers have been willing to give to all the world all the facts. 

Now, can we do that in reference to the house heating boiler? I think the 
boiler manufacturer, if he is a wise man, will adopt this code and say that he 
believes in the good faith of the Society; and that he believes here is a con- 
scientious attempt to find out what boilers will do and what the difficulty is in 
the design of boilers. If you will join with us in good faith and try to find out 
if the proposed code is rational I think this Society will have made very decided 
progress. 


I know that this code is going to be attacked this very day. I have talked 
with one gentleman at least who is a most eminent scholar, a great authority, 
Dr. Brabbée. He may not agree with the code as it stands. His theories in 
reference to boilers and his practical contact with the boiler design and boiler 
performance is world-wide. But I think Dr. Brabbée can afford to say, “I will 
accept temporarily this wish of this Society but we will try to show you, in a 
reasonable time, the fallacy of this report, and through the continuing committee 
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we will be able to give you some additional information so that within the course 
of a few years we will have a process of rating which will be invaluable to the 
profession.” Would not this be an idealism in our engineering procedure if Dr. 
Brabbée would join heartily yet antagonistically in the tryout of the code? 


I think furthermore that there will spring up more laboratories for the study 
of boilers. We have a new laboratory in Kentucky, and the sole purpose of 
that laboratory is to study the performance of house heating boilers. The one 
conscientious thing I am going to do as the head of that particular laboratory, 
or at any rate the man shaping its destinies and its work, is to see what is the 
matter with this code, and if there is anything the matter with it, through a very 
eminent scientist named O’Bannon, we will fire you some broadsides before 
this Society within a year that you will listen to. 


Now, if we all put ourselves in such an attitude will we not get somewhere 
with a boiler rating code? As Mr. Carrier indicates, we must have a base line 
upon which to survey this great field of boiler design and operation. Is this 
foundation sufficient for you to build on? Personally I am ready to build on 
it, having some doubts about it, some serious doubts. Take for instance the 
item of flue-gas temperature determination. It has been demonstrated time and 
time again that one cannot measure fliie-gas temperature by sticking a thermo- 
couple in the smoke pipe. One gets a variation of sometimes as much as two 
hundred degrees. That is one procedure that must be more adequately specified. 


In determining this curve of flue-gas temperature, there must be some research 
done on how to measure flue-gas temperature. I have asked Mr. Carrier, this 
eminent authority on heat transmission, to devise a method for getting flue-gas 
temperatures whicl: would be substantially a thermocouple so that it would face 
always a temperature that is practically the temperature of the flue gas. I have 
asked Mr. Harding to outline a method for obtaining flue-gas temperatures 
involving the principle of a portion of the flue gas passing through a by-pass 
path at high velocity. Those two investigations we will take up immediately 
at the University of Kentucky. 


We will check those two methods and see if it is possible to finally establish 
a standard practice for the measurement of flue-gas temperatures. There is not 
a man in this room who now knows positively how to measure them. I am 
satisfied that Mr. Carrier himself could not measure flue-gas temperatures to- 
morrow—he undoubtedly could eventually if he set that versatile brain of his 
at work on the problem. Mr. Carrier, I am satisfied that you could not get 
flue-gas temperatures absolutely by the method given in the code. 

Mr. Carrier: Yes, I can get flue-gas temperature. 

Dean ANDERSON: You cannot get it by any method that has been described 
in any code that we have. 

Mr. Carrier: It will give us comparative temperatures which will be pretty 
close. I mean test our boiler and test another the same way, you will get the 
same results, they will be off the same amount. 

Dean ANDERSON: Oh, they will not be comparative. Anything that involves 
a variable error is not comparative. Yeu know that, as a scientist, don’t you? 
Will you admit that variable errors are not comparative? 

Mr. Carrier: No. 





> nt gg Re 











vo 


= Ww we te 


ed 


tty 
the 


yu? 





se aap? Fame we om 


Tue Tuirty-rirra ANNUAL MEETING 25 


Dean ANDERSON: Why, you know well enough that if you have errors that 
are variable, they are not comparative. 


Mr. Carrier: If they are systematic, they are comparative. 


Dean ANDERSON: I do not consider any temperature data systematically 
taken when there is a variation of 200 deg. If, however, you will do what 
you said you would about devising a method of measuring flue-gas temperatures 
and I know you can, because you are the type of thermal scientist who can get 
the heat emission, oh, let’s see—you can get the amount of radiant heat from a 
mosquito (laughter), but you haven’t done it yet. We cannot say to this 
Society today we must or can get flue-gas temperatures in a certain way. That 
is for the continuing committee to prescribe later. I use that as an illustration 
that we do not know how at the present time to get flue-gas temperatures, but 
we will know how, and that is just one of the points like hundreds of others 
involved in the evolution of the code. 


Are we willing to start out with something that represents a tentative code, 
and I take it that this is adopted merely as a tentative code and not as a final 
code by any means—are we ready now after all these years of pulling and 
hauling, to say, “Well, let’s raise this offspring of the Boiler Code Committee ?” 
I think it will all be done in good faith to manufacturers and to the users. 


Personally, with all these questions of doubt in my mind, I would be glad 
to see the Society adopt this simply because it is something from which we 
can start, and I have no doubt before this discussion ends today, that there will 
be so many different points raised that we will all be hypnotized, or anesthetized, 
or something before we leave this room. We will go away from this room with 
the feeling, well, I think no one knows anything much about a boiler now but 
some day we perhaps will. 


So I confess my ignorance about it, and I am ready to vote for this simply 
because of the work that has been done by this Committee, primarily because 
it gives us a chance to start to learn more about boilers. 


Just one more thought: I believe this Society adopting a code of this kind 
is going to start some real discussion on the analysis of boilers, and get away 
from these mysterious ideas that are abroad in boiler land now. It will do the 
boiler manufacturers more good than it will anybody else because they will get 
busy in giving to the American public all the information they can find because 
certainly they are progressive and in accord with the scientific spirit of the 
times. 

C. W. Brazssée: I would not have taken the floor in this matter because I 
have found in discussions of the last days that there are great difficulties in- 
volved and it might be best to stay away from it. But as Dean Anderson and 
our President have called on me, what can I do but to respond? I would like 
to beg you to consider me in this discussion not as connected with any manu- 
facturing concern, but solely as a member of this Society, who has spent a 
lifetime in investigating radiators, boilers, ventilating systems and accessories, 
and who wants to serve this Society to the best of his ability. 

When I presented but last year, the “Useful Heat Problem” at New York, 
nobody believed in this idea of rating of radiators, but today, only one year 
later, we have seen the change. 
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There is something similar on boilers. We have heard recognized members 
of this Society talking in favor of this code, and it would be a pity if we would 
have only one opinion. We must have different ones because only from dif- 
ferent opinions real progress can start. 

But even those gentlemen who have been in favor of this code have great 
doubts. Mr. Carrier said he does not know anything about boilers he only 
learned a little about them in the last weeks. Dean Anderson said he is not 
sure about these things, and fears something is behind them. 


Shall this scientific Society where the leaders are not sure about a thing 
release it as a law where everybody has to follow the regulations ? 


Suppose we find this case: a laboratory may be equipped to test boilers 
according to test code, to which I gladly agree. It starts to comparatively inves- 
tigate boilers, finds these curves and now proceeds to rate these boilers accord- 
ing to the code. It may be possible—I think it is—that two designers of boilers 
will make two boilers of the same grate load; yet one boiler may be inferior to 
the other, inferior in practical use and at the same time may have a lower stack 
temperature. 

I recall a test which was on a different line, but gives you an idea of what 
can happen. In testing a boiler which ran with 400 deg stack temperature and 
terrific fuel expense, investigations have shown that introducing secondary air 
in this boiler, the stack temperature rose from 400 to 800 F but the fuel con- 
sumption dropped 20 per cent. 

This is surely proof that the stack temperature is not an indication of a boiler’s 
value; just as the condensation was not the determinate factor of a radiator’s 
rating. 

If it is possible, that from two boilers running at the same rate, one is inferior 
in practical operation, and yet has the lower flue-gas temperature, then this 
rating code will rate this inferior boiler higher than the good one; injustice 
would be done to the manufacturer of the perfect boiler, an injustice which can 
never be the intention of us as members of this Society. 

Mr. Carrier and Dean Anderson have both said, if such a code will do an 
injustice to anybody, we will eliminate this code; we will drop it; change it. 
Gentlemen, if a matter is in such a state of development, then it is not ready 
for a law, which should be observed. 

And there is another point: large manufacturers deal with 90 per cent of 
customers who don’t care for the Society. Is it really possible for a manufac- 
turer to have this large majority of his customers ruled by an arbitrary law of 
a small minority? 

I further question if we, as a scientific body, should enter into the rating of 
boilers which is and will be a commercial proposition. 

Dean ANDERSON: May I ask you a question? Why is it the boiler manu- 
facturers change their ratings so frequently? 

Dr. Brasste: Because it is a commercial proposition. Manufacturer A has a 
rating: Manufacturer B comes along and says, “My boiler is rated higher.” 
What can the Manufacturer A do? I have been approached on so many occa- 
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sions and people have told me, if only the manufacturers could give more 
cooperation, we could do more. 


Now, I have, since I am in this great country of yours, always tried to do 
my part, as small as it may be, to support such cooperation between the manu- 
facturers and the Society, and the universities, and I must say that we have 
today a much better understanding among those bodies than five years ago. 


But, now, in a question which is entirely in the field of the manufacturers, we 
want to go out and set forth a rule of which we are not even sure if it is right, 
and enforce it. Wouldn’t it be a wise idea to say this: “Here we have a Society, 
and we have a committee which has worked admirably, honestly, earnestly and 
made a code, never before discussed with you manufacturers. We want to make 
this code a rule, but before, we want to have you manufacturers check us up, 
find out if this will do any injustice to you. If yes, let’s correct; if not, work 
with us.” 


If a rating code is established without the support of the manufacturers, there 
is not much use of it. If, on the other hand, it has the support of the manufac- 
turers, its success will be 100 per cent. 

May I just tell you a little story? The European automobile industry was 
crippled by a rating code which could not foresee the development. We just 
experience in this country laws which cannot be enforced and which are set 
aside by the power of life, doing great damage. We should be more than careful 
to keep away from such an embarrassment. 


I move that this code may be discussed as an opinion of this Society with 
the boiler and radiator manufacturers’ association, and if they give assurance 
that this code does not do injustice to them and that they will support it, then 
make it a rule which will be respected, and which everybody will support. (Sec- 
onded by Homer Linn.) 


PRESIDENT WILLARD: The Chair recognizes that there are two motions be- 
fore the house, the original offered by Mr. Harding and a substitute by Dr. 
Brabbée. Those wishing to discuss the matter will please announce about which 
motion they are talking. 


Dean ANpDeERSON: I rise to a point of order. This substitute motion has been 
made. The discussion must be confined to the substitute motion. 

L. A. Harpine: If I may just say this—I am talking on the substitute motion 
—that the best argument that I have heard for the first motion was given by the 
speaker that just preceded me. 

F, D. Mensinc: Gentlemen, the motion before the house as I understand it 
is the substitute motion that we stop where we are and confer with the manu- 
facturers. 

Why limit it to the manufacturers? If we are going to confer, where are we 
going to stop conferring? For 25 years, I understand from members older than 
myself, we have been trying to confer with every one. And we are today where 
we were 25 years ago. I am 50 and I will be 75, and we will be still conferring, 
and I really would like to see this matter settled before I die; and I think most 
of us would. 


Therefore, I am going to advocate that we stop conferring, do a little 
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thinking and some quick voting, and that we may clear the board and be able 
to proceed. 


I am going to ask that we have as little discussion as possible on the second 
motion, and get back to the original question. 


S. H. Harper: This is the first occasion on which I have taken the liberty 
of addressing the Society but the problem before us has been a serious one 
with me for something more than 20 years. However, I will try, in accord- 
ance with Mr. Mensing’s suggestion, to be as brief as possible and shall confine 
myself specifically to the motion of Dr. Brabbée. 


We need scarcely stop for thought to fully realize that nearly all causes of 
any moment have been sponsored bv and put into action by minorities. Majori- 
ties, as a rule, are satisfied to leave in the hands of a painstaking few the develop- 
ment and promotion of difficult problems. All of the fanatics of history, whose 
ideas are now accepted by the universe, at one time had only the support of 
extremely scant minorities. 

The committee, which devised this code, was chosen because they were purely 
scientists ; no manufacturers, no heating contractors were on this last committee 
—nobody who had anything to sell. They were selected because we feel that 
there is a type—though maybe not a superior type—of sincerity about a sci- 
entist that you do not find anywhere else. His pocketbook is not affected by 
his decisions. There is nothing insincere about guarding one’s pocketbook but 
these findings are the result of the painstaking effort of scientists. The repre- 
sentatives of the code committee when discussing it in the Pittsburgh Chapter 
Meeting, in my opinion, virtually admitted that many of their calculations 
which did not seem rigid enough were for the purpose of giving considerable 
leeway to boiler manufacturers. Boiler manufacturers feel, with some justifica- 
tion, that there should be no restrictions placed on them which would prevent 
them from changing design to produce greater efficiency. 

I quite agree with Dr. Brabbée, as must every one familiar with boiler con- 
struction and operation, that the operation of one boiler may produce a higher 
stack temperature and still have a higher efficiency than another boiler having 
equivalent grate area, fuel capacity and heating surface operating on a lower 
stack temperature. Nevertheless that is in a sense straining the point. 

We do know, as a result of experience, that you may expect generally the 
-ame efficiency from boilers that are of a particular type. When a boiler is 
produced which has “genuine merit,” whether by a large manufacturer or a 
small manufacturer, his competitors produce one somewhat similar. Now those 
boilers, which are almost identical as to grate area, quantity and position of 
heating surface and method of combustion and heat absorption, should conform 
to a standard of rating. If, beyond these and other basic requirements covered 
by the code, a boiler has superiorities of material, workmanship or efficiéncies 
of any nature, such superiorities should be the selling arguments which would 
enable the manufacturer with the better boiler to sell more boilers or sell his 
product at a higher price than boilers which did not possess these qualities. At 
present, and for many years past, inferior boilers are frequently purchased be- 
cause the purchaser is of the impression that it will perform equally as well as 
a superior boiler, since both boilers have the same rating. The adoption of a 
rating code will improve the method of selecting boilers. In sections where 
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“Certified Heating” has been sponsored by the Heating & Piping Contractors’ 
Association, the selection of boilers has been affected very materially by the 
requirements of these standards. During the past twenty years, with extremely 
rare exceptions, every manufacturer of any boiler, fired by whatever fuel, has 
made plenty of money in spite of superiorities or inferiorities of his competitor’s 
product. 


It would be an immense satisfaction to us all if this code could have the 
unanimous support of boiler manufacturers, heating contractors and all other 
elements represented in this Society. But regardless of the attitude of those who 
may not be in agreement with the findings of the rating code committee, we 
have a right to fortify ourselves against the legion of heating contractors, en- 
gineers, architects and ultimate consumers who are demanding more insistently 
every day: “Why the devil—and worse than that—can’t you fellows that are 
selling boilers get together on a standard of rating?” I think I need not add 
that I shall cast my vote against Dr. Brabbée’s motion, and for the previous 
motion. 

TuHorNtTON Lewis: Speaking on Dr. Brabbée’s motion, and referring to one 
thing that Dr. Brabbée said, particularly when he called attention from his ex- 
pert experience to two possible boilers that might be unjustly rated according 
to the code which has been presented, might I just remind all of us that no con- 
fusion that can exist under the proposed code could possibly equal the confusion 
that exists today without any code. Under this code and an interpreting com- 
mittee there is some appeal, and some remedy. Today, without a code. there 
is no remedy and a discussion of 25 years has not and I doubt ever will bring 
a remedy. 

The Society may not represent but a very small per cent of the purchasers 
of boilers. Granted, Dr. Brabbée. That is equally true of every code the So- 
ciety has ever yet adopted, so I submit that that is not a logical argument, why 
should we suspend action here and start 25 years of discussion. 

Under the rating code proposed, we are not asking manufacturers not to give 
any rating they want to their boilers. All we are asking them to do is, among 
all other ratings, to give one known as the A. S. H. & V. E. rating, by which 
engineers, if they want, may use a common yardstick for comparison. Any 
other ratings they want to give, they may. They may give a thousand, but at 
least according to what we know now and the best that we know now, we will 
have a common yardstick of measurements. 

I, therefore, suggest that we defeat unanimously Dr. Brabbée’s motion. 

PrestipENT WiLaArp: Is there any further discussion on this subject? The 
Secretary w’ll please state Dr. Brabbée’s motion. 

Che motion made by Dr. Brabbée was that the Code for Rating Low-Pressure 
Heating Boilers as presented by the committee be made the subject of confer- 
ence between manufacturers of boilers and the Society’s committee. 

A vote was taken and the motion was defeated. 

PresipENT WiLLarD: The original motion made by Mr. Harding is open for 
discussion. 

R. V. Frost: Since I have been charged with a share of the responsibility in 
keeping this code alive, I would like to take the opportunity to state my own 
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ideas. I will give you a little of the history of the development of rating codes. 

A few years ago the Heating and Piping Contractors’ Association came out 
with a code that was in general form like the chart that you see reproduced 
on the board. 

That code had a great deal of merit. The chart used by the Heating and 
Piping Contractors was not new for it had been used by some manufacturers 
before them, but they were the first ones to give it publicity and the idea took 
among the boiler manutacturers. Perhaps that fact is not generally recognized, 
but it did take, and I think if the Heating and Piping Contractors had persisted 
in the development of that particular scheme, they would have settled the rating 
code sometime ago; and the rating problem. 


But due to some kind of a mixup within their own organization, they turned 
to the key system of rating, which was generally opposed by the manufacturers, 
and for that reason the manufacturers withdrew their support, and the output 
committee of the Heating and Piping Contractors, instead of trying to break 
down the opposition within their own organization, which the members of the 
committee recognized as wrong, they turned to another system of rating which 
bases the rating for the square feet of grate area, an idea which I do not believe 
will persist. 


As a result of some of their original charts, some of the manufacturers began 
to develop performance tables, giving the performance of their boilers over the 
full range of operation. 


That method has been employed by the American Radiator Co., and those of 
you who visited the Brabbée Laboratory at the meeting last year probably saw 
several performance tables on the wall, great, large tables you could easily read 
across the room. I don’t know whether those are available for general distri- 
bution, but, on request, I believe they can be obtained. 


The Richmond Radiator Co. three years ago developed performance tables, 
giving the full report on the operation of all their boilers. They have had these 
tables in constant use, and have given wide publicity to the idea. The first issue 
of their books, ten thousand, was taken up within the first three months; there 
was a reprinting, and now there is a third reprinting of those same tables. The 
résult of publishing performance tables on their boilers resulted in eliminating 
almost entirely trouble from improper selection of boilers. 


The Code Committee has recognized the value of performance tables, where 
they say here: “A series of tests shall have been made and a Performance Chart 
plotted showing—for the purpose of this Code—flue-gas temperature, rate of 
burning fuel of a calorific value of 12,500 and draft at smokehood against rate 
of output.” Then they make this statement. 


“This Code is not intended to supplant the more correct engineering practice 
of determining the available output of boilers for specified operating conditions 
by a study or analysis of the complete data given by ‘performance charts’; nor 
does it preclude the assigning of other rating output values to meet purchasing 
specifications or a specified set of operating conditions. The rating outputs as 
determined by this Code are intended for average conditions and for the use of 
purchasers not competent or desirous of making comparisons and selection from 
performance charts.” 
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In other words, the whole purpose of this rating code is to cater to the incom- 
petent man. Here is a Society based, in its very principles of organization, 
upon the uplift of the industry, but by this code it is catering to the incompetent 
man that it wants to drive out of business. 


Now, as a matter of fact, there are not so many incompetent men in the heat- 
ing and contracting business after all, if the experience of the Richmond Radi- 
ator Co. is a criterion, for they have found that invariably the contractor in a 
very short time learned to use their performance tables with the result that there 
has been an almost total elimination of the trouble from improper selection of 
boilers. 


Now, the boiler and radiator manufacturers, just about two weeks ago, adopted 
a testing code which bases its result upon a chart that takes the form of the 
original heating and piping contractors’ code. This is a copy of boiler and 
radiator manufacturers’ code, and it can be obtained, I think, from Mr. Heren- 
deen by anyone that desires it. 


This code was adopted unanimously by the boiler manufacturers who are 
members of the association, and the only purpose that the code can have will be 
to standardize the preparation of performance data and performance tables that 
tell the complete story of the operation of a boiler. 


I believe that is what the industry wants. I know that the manufacturers are 
opposed to the one-number system of rating. The performance chart and the 
performance table is really a multi-rating system. You have such a system of 
rating for fans, for unit heaters, for blast heaters and for motors; the furnace 
manufacturers have the same type of code; why cannot the boiler manufac- 
turers have one, too? That will be the demand, and that is why we have the 
opposition to the code in its present form. I imagine that we will have plenty 
of objections to the proposed code before our new Committee gets very far 
along in its work. 


H. M. Hart: I would like to make a slight correction in the impression that 
might have been given by Mr. Frost, if I may. The Heating and Piping Con- 
tractors’ Association have never abandoned their performance chart. The only 
reason that we are not using it today is that we never got any performance 
charts from the boiler manufacturers, with the exception of two, I think, that 
could be used. We got a few scattering charts on one or two sizes, but nothing 
complete enough to satisfy the demand of the members of our association, who 
are trying to operate under the certified heat plan; so we had to adopt some- 
thing that we could use in lieu of the other, until we had something better. We 
did not contemplate using the key system as a national association where the 
performance charts were supplied, but some locals used it. The present net 
load ratings that we use are, as I say, a necessity because we have nothing 
better and we will continue to use them until we do have something better. 


PRESIDENT WILLARD: You have all heard the motion which was presented by 
Mr. Harding and the discussion which has just been concluded. All those in 
favor of the motion please stand. 


The Chair rules that the vote is overwhelmingly in favor of the motion, unless 
those opposed demand a ballot we will not take the time to count the votes. 
If there is no objection, the vote is declared practically unanimous. 
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The recommendations made by The Guide Publication Committee in its 
report were given by Secretary A. V. Hutchinson: 


Report of the Guide Publication Committee 


OUR Committee, entrusted with the compilation and publication of THE Gute, 
1929, have the following to report as to the results accomplished and as to the 
immediate requirements for the carrying forward of this work in the future. 


The Guide, 1929 

Tue Guipe, 1929, has undergone the most complete revision of any issue since its 
inception. All of the chapters except one have been completely rewritten and revised 
so as to contain the very latest and fullest information available. 

In addition nine new chapters have been added covering for the first time the fol- 
lowing subjects: Chimneys, Fan Furnace Heating, Central Heating Systems, Heat 
Exchangers for Water and Oil, Kitchen, Laundry and Hospital Equipment, Pipe and 
Fittings, Design and Operating Data for the Mechanical Equipment of U. S. Treasury 
Department Buildings, Selection of Fans for Ventilating, Drying, etc., and a list and 
Synopsis of the Society’s Codes and Standards. 

A few of the most noteworthy improvements in the former chapters, in addition to 
the data contained in the new chapters, are as follows: 

Chapter I. The tables on heat losses from buildings were extended and brought 
more up-to-date, the Infiltration section was completely rewritten and made to include 
the latest data on steel sash, casement cash, pivoted sash, etc., and the section on Out- 
side and Inside Temperatures was greatly amplified and made to include data on sum- 
mer as well as winter requirements. 

Chapter II. Revised to correspond with present conditions where the older types 
of cast-iron column radiation are being replaced by the tubular, radiant, non-corrosive 
metal and fin type radiators and heaters in the form of radiators, recessed radiators, 
concealed heaters, concealed radiators and cabinet heaters. 

Chapter III, Data on newer heat emitting units and many diagrams were added 
covering typical piping connections. 

Chapter V. Better data included on the selection and rating of boilers. Also new 
data on the erection and care of boilers and on the burning of different kinds of fuels. 

Chapter VII. Data on different kinds of grates added and practical data on rates 
of combustion, air quantities and pressures, and sizes and types of mechanical draft 
apparatus required. 

Chapter XV. Revised to include material on insulating cold surfaces and for the 
prevention of sweating, also on the determination of economical thicknesses and char- 
acters of insulation best suited to various requirements. 

Chapter XVI. Much new data inserted on automatic controls for house and hot- 
water heating and on sectional or zone control for larger buildings. 

Chapter XVIII. Changed to conform with latest practices and to include data on 
traps as well as on pumps for heating and ventilating service. 

Chapter XXIII. Data included on the latest practical methods of measurements 
and the latest laboratory data on the Physiological Effects of Ventilation, including 
that on the intercharge of heat and moisture between human beings and their atmos- 
pheric environments. 

Chapter XX XIII. Entirely rewritten to include all of the latest data from the vast 
amount of research recently conducted upon this subject. 

In general a great deal of cross reference work has been done and many explana- 
tory notes and footnotes have been added. 

The indexing has been greatly improved and some very useful suggestions for the 
proper and expeditious use of the material have been added. 

The 1929 edition contains thirty-four (34) chapters and 488 pages of text whereas 
the 1928 edition contained twenty-eight (28) chapters and 366 pages of text. 

The catalog data section of Tur Gute, 1929, contains 324 pages of paid-for manu- 
facturers’ data whereas the 1928 edition contained 284 pages. 
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Statistics 


Income: 1928 1929 


Advertising $27,460.22 $31,539.94 
Copy sales 3,997.49 6,010.28 


"$31,457. $37,550.22 


Expense: 
Printing " $10,788. 
07 


Paper 


Engraving and art work, electros...........cceceeeeeeees 

Miscellaneous 

Binding and mailing prior year’s GuipE 

Special compensation: 
Editoria 3,000. 
Solicitation Hq 
Traveling 662. 


$21,794. $25,395.30 


Distribution: 
8500 copies of Tue Guipe, 1929, were published of which 7000 were bound and the remainder 
are held in reserve. Distribution up to December 31 was as follows: 


Members wor povtnte of Architects 2615 2643 
Members A.S.H.& 

Members fon ag — Piping Contractors’ 

Advertisers and their agents 

Copies for sale 


Size: 
Pages of advertising 
Pages of text 


Copies Printed: 
otal copies 
Total copies 
Cost per copy 
Income from Advertisement per copy 


This Year’s Organization 

This year’s edition was handled under a general publication committee consisting 
of the General Chairman and Editor-in-Chief and two Vice-Chairmen. 

Under this central organization there were thirty-four (34) committees, each 
headed by a specially selected chairman, with from five (5) to ten (10) members for 
handling each section of THE Guipe. 

In addition there was an Advisory Board consisting of about twenty-five (25) 
members for passing upon special subjects and questions. 

The work has thus been spread among over two hundred (200) members located 
throughout different parts of the country and affiliated with the various Chapters of the 
Society. 

_ In addition to our own members, several of the best authorities on some of the sub- 
jects, who are not members of our Society, have contributed. Among these are 

. Bergman, who handled the Chapter on leat Exchangers for Water and Oil, and 
George A. Orrok, who handled the Chapter on Chimneys. 

Under the organization this year cooperative work was started with the Heating 
and Piping Contractors’ National Association and others for the coordination of data 
on all subjects connected with the estimating of heating requirements. 

In cooperation with Chairman Lewis and the Research Laboratory at Pittsburgh 
several investigations have been inaugurated for the collection of data needed for the 
future improvements of THe Guipe. These included: tests on return pipe sizes, es- 
pecially for systems with thin copper blast heaters, test data on infiltration of the 
casement and pivoted type of steel sash, both with and without roll screens. 

The Secretary's office and staff have contributed an unusual amount of work, 
including the entire promotion and sales of the catalog data space, the entire manage- 
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ment and handling of the printing, redrawing and arrangement of cuts, indexing, proof 
readings, corrections, binding and mailing. 

Mr. Hutchinson personally has contributed much time and pains in arranging for 
and attending committee meetings, on coordination with the other Society publica- 
tions, on final arrangement and printer’s instructions, and on general make up. J. E. 
Bolling has acted as consultant and chief adviser in the matter of preparation of cata- 
log data and distribution of THe Guine. 

We take this opportunity of again calling attention to the vast amount of unselfish 
and invaluable work contributed to this publication by the various Chairmen and their 
Committees, who have performed the real work of collecting and compiling the data for 
the text section. As is stated in the preface of this edition, there is no way in which 
the greater number of these men could have been induced to expend the time and 
thought which have been so lavishly contributed to this edition, except from the motive 
of unselfish service to such an unselfish and useful cause. 

The names of the men who have so devotedly served you, and through you the 
world at large, are given in footnotes at the bottom of the first page of each chapter. 
We suggest that you refer to these when using THe Guine to recall to your memory 
the names of these splendid contributors as well as the high authority of the data being 


The Guide Publication Committee again thanks ‘these men and their assistants for 
their contributions. 


Suggestions for the 1930 Guide 

We would recommend that the present form of organization be continued with the 
exception that the General Chairman have the assistance of a full-time paid member 
on the staff of the Secretary and Manager of Publications. Also that the functions of 
the Advisory Board should be used to a greater extent. 

In connection with the various chapters the following items require attention: 

Chapter I. The transmission coefficients need extension to more types of con- 
struction, especially roofs, floors, cinder fills, and frame construction with and without 
building paper. The whole list of transmission coefficients and tables should, if possible, 
be arranged so that they may be adopted by other organizations as a uniform standard 
in calculating heat losses. 

The transmission coefficients for some of the insulating materials need checking 
and these factors should, where possible, be grouped under certain classes with a certain 
amount of tolerance each way instead of trying to give the individual factor for each 
to the second decimal place, as this is only causing controversy and confusion over con- 
tentions that THe Guipe shows one material so much superior to another, because 
there may be a few hundredths of a Btu difference in the tables, although the actual 
difference in a composite wall might amount to little or nothing. 

The factor for air spaces needs checking and revising for different conditions. 

The questions of inside and outside temperatures, guarantee temperatures, base 
temperatures and exposure factors need to be followed up in connection with other or- 
ganizations. 

The factors for glass under different wind velocities need checking. 

_ Chapter IT on Radiators and Heaters, needs to have much more data added on the 
rating and heat emission of all of the newer type of radiators, heaters, cabinet heaters, 
etc., as soon as this can be made available. Cooperative work on this should be fol- 
lowed up with the work of our Laboratory along these lines. 

Chapter III on Steam Heating Systems and Piping needs further enlargement 
along the lines of the latest specially controlled vacuum systems and along the lines of 
zone and sectional control of systems for larger buildings. 

Chapter IV on Hot Water Heating Systems and Piping needs more data on forced 
circulation systems, comparative costs, economies and simplification throughout. 

Chapter XVI on Automatic Heat Control needs enlargement along the lines of 
more data on zone and sectional control for larger buildings. 


Chapter XXIII on Ventilation needs to be further coordinated with latest investi- 
gations and practical applications. 
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Chapter XXX on Ozone in Ventilation needs to be extended along the lines of the 
latest practical advantages and application of ozone to specific problems. 
Generally 


The cooperative work started with the Heating and Piping Contractors’ National 
Association, Plumbing and Heating Industries Bureau, American Gas Association, Na- 
tional Association of Master Plumbers and the N. ational District H. eating Association 
should be carried through to successful results. 


The research work inaugurated at our Laboratory on Return Pipe Sizes, Infiltra- 
tion, and for determining the proper air conditioning and ventilation standards for sum- 
mer time ventilation should be followed through to conclusions for practical results in 
future issues of THE GUIDE. 


The work of the Standing Committees and the Committees which have been con- 
tinued should be followed up as expeditiously as possible, so as to have the data ready 
“ . before June 1, 1929. We should also make wider use of the other Committees of 
the Society. 


The undertaking to induce manufacturers to include more of their data in THE 
Gu1DE so as to eliminate a lot of heterogeneous catalogs and to standardize on our 
page size so as to make their catalog data and cuts fit into THe Gume should be 
followed up. 


Lastly, the work of compiling Tue Gurpe, 1930 should be organized and well 
under way immediately following the Annual meeting with the end in view of having 
all data ready for editing not later than June 1, 1929, and edited ready for the printers 
not — than August 1, 1929. THe Gurpe should come out in October instead of De- 
cember. 

Respectfully submitted, 


Perry West, General Chairman 
W. H. Carrier, Vice-Chairman 
C. V. Haynes, Vice-Chairman. 


President Willard pointed out that in 35 years of the Society’s life, it had 
had the opportunity to offer honorary membership to four men, namely, Wm. J. 
Baldwin, Dr. J. S. Billings, C. W. Newton and John Gormly. Several years 
have passed since the Society has formally recognized men in this caliber and 
at its last meeting the Council received the proposals and recommended and 
received favorable action in the case of two men, in accordance with the pro- 
visions governing honorary membership, covered in the Constitution and By- 
Laws, ArtTIcLeE III, Section 1. 

The first nominee was presented by S. R. Lewis, Chairman of the Committee 
on Research, who said, “it seems fitting that the name of O. P. Hood, chief 
mechanical engineer of the U. S. Bureau of Mines, should be presented by 
unanimous approval of the members of the Committee on Research, for Mr. 
Hood was instrumental in establishing our Research Laboratory and it was 
through his interest and enthusiasm that a cooperative agreement with the 
government was established.” 

The motion of Mr. Lewis for a favorable vote on the nomination of O. P. 
Hood for honorary membership was seconded by E. C. Evans of Pittsburgh and 
unanimously carried. 

Thornton Lewis, Philadelphia, in presenting the second candidate for hon- 
orary membership, stated that a few men with vision caused the Society to come 
into existence and these charter members had a temporary organization, and 
elected officers. “Stewart A. Jellett of Philadelphia was the first regularly 
elected President,” said Mr. Lewis, “and when our thoughts turn to the men 
who have done a great deal for this profession, they should turn to the man who 
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first headed this organization and it is a great privilege to present his name to 
you today, having been proposed by some of the men who originally met 35 
years ago. Those who signed this petition are A. C. Edgar, Philadelphia, a 
charter member, who has attended every Annual Meeting of the Society, J. J. 
Wilson, a charter member over 80 years of age, who never fails to attend the 
Philadelphia Chapter meetings, George W. Barr, F. D. Mensing, R. V. Frost, 
C. V. Haynes, George D. Hoffman, J. D. Cassell, H. P. Gant and Thornton 
Lewis.” 

The motion of Mr. Lewis to elect S. A. Jellett an Honorary Member of the 
Society was seconded by E. S. Hallett and unanimously passed. 


The Honorary Membership Certificates for O. P. Hood and Stewart A. Jellett 
carry the following citations: 

The AmericAN Society oF HEATING AND VENTILATING ENGINEERS hereby 
confers Honorary Membership upon O. P. Hood in recognition of the debt 
which the arts and science of heating and ventilating engineering owes him for 
his never failing interest, encouragement and support in establishing and main- 
taining the Society’s Research Laboratory. 

As a distinguished engineer in public service and as an author and educator 
the Society desires to commemorate his eminent service. 

The AmerIcAN Society oF HEATING AND VENTILATING ENGINEERS hereby 
confers Honorary Membership upon Stewart A. Jellett in recognition of the 
debt which the arts. and science of heating and ventilating engineering owes to 
him. 

As a Charter Member and the Society’s First President, as an engineer of 
outstanding attainments and because of his many contributions to the up-build- 
ing of the heating and ventilating engineering profession, it is desired to com- 
memorate his accomplishments and his service to the’ Society. 


President Willard asked the Secretary to read the amendments to the Consti- 
tution and By-Laws and the members present discussed the proposed changes 
in the Constitution and By-Laws which were prepared by a special committee 
composed of W. H. Driscoll, H. P. Gant and F. R. Still, in accordance with a 
resolution of the Council dated March 28, 1928. 


On motion of Mr. Langenberg, seconded by Mr. French, the amendments to 
the constitution were unanimously adopted as follows: 


Amendments to the Constitution and By-Laws 


CONSTITUTION 


(1) Articre II, Section 7, reads as follows: 
“A Student Member shall be a person under twenty (20) years of age who has had 
insufficient experience to qualify for a higher grade of membership.” 

to be amended as follows: 
“A Student Member shall be a person over sixteen (16) years of age who is regularly 
attending day courses in a college or engineering school.” 

(2) Akrticre III, Section 3, reads as follows: 


“When a Student or Junior Member reaches the age limit of his grade, his membership 
has automatically terminated unless he be transferred to a higher grade of membership, 
as provided in the By-Laws.” 


to be amended as follows: 


“When a Junior Member reaches the age limit of his rade, he shall be automatically 


transferred to Associate grade of membership, as provided in the By-Laws, unless he has 
applied for and been elected to Member grade.” j " 














Tue THIRTY-FIFTH ANNUAL MEETING 37 


(3) Akrricte III, Section 4, to be added: 
“When a Student Member discontinues his regular day studies in a school or college, it 
shall be incumbent upon him to apply within one year for advancement to either Junior, 
Associate or Member grade.”’ 
The amendments to the By-Laws were then considered as a group and prac- 
tically the entire discussion was confined to Item 7, the amendment to ARTICLE 
XIII of the By-Laws. 


By-Laws 


(4) Articte III, Section 6, reads as follows: 


“Junior Membership shall be limited to eight (8) years and-upon election to a higher 
grade, such members shall = notification of transfer, pay an additional initiation fee 
of five —— and thereafter pay the annual dues of the grade to which they 
are transferred.’ 


to be amended as follows: 


“Junior Membership shall. be limited to eight (8) years and upon election to a higher 
grade, such members shall upon notification of transfer, pay an additional initiation fee 
of three rae ($3.00) and thereafter pay the annual dues of the grade to which they 
are transferred.” 


(5) Arrticre III, (New) Section 7, to be as follows: 


“Student Membership shall be limited to the duration of regular attendance at day courses 
in a school or college, and upon election to a higher grade, such members shall upon noti- 
fication of transfer pay an additional initiation fee equal to the difference between five 
dollars ($5.00) and the initiation fee of the grade to which they have been transferred, 
as provided in Section 1 of Article III. Thereafter they shall pay the annual dues of 
the grade to which they have been transferred.” 


(6) Akrticte III, Section 7, to be changed to Section 8. 


(7) In accordance with Article XIII of the By-Laws, relating to Amendments, the 
following amendment has been submitted : 


“That the Council be empowered to amend Article III, Section 3, of the By-Laws in any 
way that it may see fit in order that Article III, Section 3, may comply with United 
States Postal regulations relating to membership subscriptions, paid for publications enter- 
ing the mail as second class matter and that when the Council has amended this By-Law, 
it is to become operative on a date to be fixed by the Council.” 


DISCUSSION 


THoRNTON Lewis: There is one amendment particularly, that I want to talk 
about at this time, namely, the last one. That amendment is a good one and is 
necessary in order to give the Council the opportunity to function as the business 
managers of the Society, and at this particular time there is a very definite 
reason for passing that amendment. 


A very short time ago the officers of the Society were faced with the following 
situation: Our JourNnat which has been published continuously since 1915 is 
now slightly more than self-supporting, due to the advertising in its pages. 

One older publication in the field, the Heating and Ventilating Magasine, has 
been directly competing with the Society for advertising. That magazine was 
sold recently and became one of a large combination of trade papers. Naturally 
any good business man can see that by such a move, the new owners expect to 
take a somewhat more aggressive attitude in the field and go after all the pos- 
sible advertising. 

Official announcement had also been made of the entrance of a new publica- 
tion in the field—Heating, Piping and Air Conditioning. 

The officers of the Society had in mind, the fact that we have been asking the 
manufacturers to support several different causes; Ist, catalog data in Tur 
GuipE; 2nd, we have been asking them to contribute liberally to our Research 
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Laboratory. In addition, we have been and are now asking these same manufac- 
turers for advertising in the JouRNAL. 

Under these conditions, if we could keep from putting our hand out for money 
to the manufacturers even in one of these causes, there was some advantage. 
If, at the same time we might cause the influence of this Society to reach to 
broader fields, that seemed to be an advantage. 

If, however, we were going to continue the publication of the JouRNAL in 
business competition with the older magazine under new ownership, and a new 
publication to enter the field, frankly, it was believed that the JourNAL would 
have less opportunity as a money maker. 


So after considering all of the factors involved, an agreement was negotiated 
between the Society and the new publication, Heating, Piping and Air Condition- 
ing on the basis of a specific proposal made by the publisher to incorporate our 
JouRNAL as a separate section of the new magazine. Informal inquiry was made 
of an official of the Heating and Ventilating Magazine as to his opinion of the 
desirability of having an established paper enter into an arrangement to act as 
publisher for an organization. As no offer was made by the Society nor received 
from the publishers of Heating and Ventilating Magazine, it was not considered 
by the Council. 

Briefly, the plan for the JourNat provides that instead of being published 
separately and on rather poor and weak financial legs, it would be incorporated 
into a larger and more imposing publication as a separate section with consid- 
erable financial advantage to the Society. 


Now, this was a matter that the Council would have preferred to bring to 
this annual meeting and discuss before any action was taken by it. The Council, 
under the constitution, has full authority to handle all business matters of the 
Society; and in this instance, it had to act; it could not wait. Without going 
into many details, it was simply impossible, if such an arrangement was entered 
into, to wait for this meeting. 


The Council deliberated quite at length over this move. It recognized that 
there is a sentimental value in our publishing a JouRNAL separately, but after 
considering all the factors involved, it decided that the best interests of the 
Society, from every standpoint, not financial alone, impelled it to accept the 
proposal made. 


The matter was, therefore, placed in the hands of a Committee, consisting of 
Mr. Jones, the chairman of the Finance Committee, and the speaker. Contracts 
that were drawn were submitted to an attorney employed by us who had had a 
good deal of experience in the publishing field, and another attorney for one of 
the large manufacturers in this industry, with which the writer is not at all 
connected, who is a man with a great deal of experience in handling New York 
State contracts. 


These two attorneys approved the form of agreement which has finally been 
signed by your President and Secretary. 


Under the terms of this agreement—and all members have received a notice 
to this effect—Tue Journat will become a part of Heating, Piping and Air 
Conditioning. As near as I can give you figures on it, my judgment is that 
this agreement, if it is allowed to run its full course, will net the Society an 
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additional ten thousand dollars per year as income over that which it is getting 
now, and perhaps several thousand dollars more if we consider what it would 
get if our own JOURNAL continued. 


The contract is for a period of three years. At the end of that time, the 
Society alone has the right to renew it for an additional two years. There is a 
sliding scale of return to the Society, and it is a little complicated arrangement 
because we also have to subscribe to THE JouRNAL for our members, but when 
it is all boiled down, what it means is this: About ten thousand dollars addi- 
tional income a year to the Society. 


Now, we might not want to do this if it were purely from a financial stand- 
point, but it is supposed this journal will reach a very large number of people 
in this field that our JouRNAL does not reach, probably double the number, or 
maybe triple the number. . 


That, we feel is a big advantage, more people in this industry are going to 
know what this Society stands for, the kind of work it is doing, and eventually 
we will receive more support for research than we are now receiving. 


We will undoubtedly get many new members as a result of them and so from 
every standpoint the Council has felt that this was a good move. 


I am sorry there are not more members here at this session because I would 
like every man in the Society to hear these words of explanation so they might 
know the reasons which prompted the Council to act and act quickly. 


If there are any questions that any members would like to ask, I should be 
glad to answer them. It is absolutely necessary that we pass the last by-law, on 
your printed sheet, in order that this contract may become effective. 


PRESIDENT WILLARD: I wish to thank Mr. Lewis for this lucid explanation 
of this action on the part of the Society, and I wish to say that the Council is 
in thorough accord with this matter. There are, of course, arguments on both 
sides of this question, but the arguments put forth by Mr. Lewis have unani- 
mously convinced the Council that this is a business venture, a logical advance- 
ment of the dissemination and the influence of this Society and that it was good 
business. 

E. K. Campseti: I would like to ask if the Society still maintains its edi- 
torial staff. 

Mr. Lewis: The Society has full editorial control. The publication cannot 
change one word of the copy that goes into our section, without our consent 
unless such matter should be libelous. 

We retain full rights over everything that goes into our Section. We retain 
full rights if at any later time we want to publish our own JourNAL. We have 
not sold THE JOURNAL; we are simply receiving compensation for the editorial 
matter that goes in our section of this new magazine. We have tried to be very 
careful to safeguard the Society, should this arrangement not meet with the 
approval of.the members after being tried over the three-year period. 

PRESIDENT WILLARD: Will you state further in this connection that the sec- 
tion in this magazine is a separate unit and under no circumstances can features 
be taken out of that and played up in the other part? 

Mr. Lewis: Not without the consent of our Publication Committee. 
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Our JourNnat will be larger, printed on nicer paper, in a separate section, so 
our members not only get all the things that appear in our JouRNAL but also the 
benefit of everything else that appears in the magazine, without any additional 
cost to them. They are getting a little more for their money in that way. 


J. H. Kitcnen: Mr. Lewis has made a very clear explanation of the propo- 
sition and has evidently given it a great deal of thought and study. 


My first reactions were against combining THE JourRNAL with any other 
paper, no matter how meritorious it was. It has been presented in such an able 
way, and given a very convincing argument. You haven’t completely changed 
my mind. I feel that it is unwise and the Society will eventually regret going 
into any other publication. 

Mr. Lewis: There is one thing I overlooked. One of the great technical so- 
Cieties in this country is somewhat a precedent for this move, the Chemical So- 
ciety, where the situation is handled by a private publication company, publishing 
their journal. Our fellow British Society is handled in a similar way, and I 
think there are one or two others in this country, so that there is, if we are 
interested in precedent, lots of precedent for this, among other high grade sci- 
entific bodies. 


Joun Howatrt: I was talking last night with a number of members, and the 
expression was made that the most valuable reference library we have are our 
bound Transactions, and I wish Mr. Lewis would tell the members of the 
Society here how we will continue to receive our bound TRANSACTIONS in the 
future. 

Mr. Lewis: Exactly the same as you do now. In fact, when I have talked 
dollars profit to the Society, I have had in mind that that is net after the cost of 
publication of Transactions. In addition to that, the publishers of Heating, 
Piping and Air Conditioning, will furnish the reprints for our meetings. They 
also agree to keep on hand a certain number, the number to be designated by us, 
of their monthly publications, so that copies can be bought at a later date by our 
members just the same as you do now. 

Mr. Hutchinson, who has and deserves the greatest credit for working out 
the details of this proposition, has been very careful to see that there isn’t a 
single right, privilege or opportunity that our members and our Society enjoy 
today that won’t be at least as great and most of them enhanced under the new 
arrangement, and I think if you will be kind enough to give this idea a fair 
trial, and keep an open mind on it until you really see how it works out, you will 
all approve it. 

RoswELL FARNHAM: Just one question: Will you state whether it is going 
to be the same size TRANSACTIONS issued at the end of the year as before? 

Mr. Lewis: Same size. This contract also contains this provision, that 
Heating, Piping and Air Conditioning agree that their publication will not be 
the official publication of any other organization or Society. So there is no 
danger of some other organization being in there as part of it, and more or 
less pushing ours into a small position. 

J. M. Ross: I just want to express perhaps a little different angle of view- 
point and I am very glad that Mr. Kitchen raised the question that he did that 
seems to relate between the commercial side and what I might call the profes- 
sional side of our work. 
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I have been distressed for sometime by the apparent attitude of many people 
that I deal with, that if a man has something to sell, he necessarily is less honest 
than if he gives professional service. 


Now, it seems to me the time has come when folks have to do a little more 
straight thinking along that particular line. It all comes back not to the label 
a man wears, but to his character, and I think while I agree with the view that 
Mr. Kitchen first expressed, that it was perhaps a mistake to give up our 
JourNnaL. The more I think it over and particularly in the light of what Mr. 
Lewis has explained, the more I think that it has been a wise move. Every- 
thing that you do has to rest on an economic basis. If the economics are sound, 
then the movement is wise. If they aren’t sound, then experience will tell us 
so, and that thing applies to your engineering, to-your selling and it applies to 
everything else. 


PRESIDENT WILLARD: This last discussion under the general subject of by- 
law amendments has been confined almost entirely to the last item under the 
by-law section, and you may wish to vote upon these separately. Is there any 
wish to separate the amendments? 


As a negative response was heard President Willard called for a vote on the 
group amendments to the By-Laws as printed. 


On motion of Mr. Rowe, seconded by Mr. Hart, a unanimous vote in favor of 
the amendments was recorded. 


H. M. Hart, Chicago, proposed the following resolution: 


Resolved, that an expression of appreciation for the fine work that has been 
done for the Society by the officers during 1928, by the Headquarters staff, Com- 
mittee on Research and the Laboratory staff, be transmitted to them so that 
they may know of the feeling of the members in reference to the service they 
have so generously rendered during the year. 


This motion was seconded and passed unanimously by rising vote. 


On motion of Dean Anderson, seconded by J. M. Robb, the following was 
voted : 


Resolved that the Society express by a rising vote of thanks, the appreciation 
of the membership for the work of the Secretary, whose energy and ability to 
cooperate with the members of the Illinois Chapter has made possible the 
greatest meeting of the Society. 


Roswell Farnham proposed the following motion: 


That a vote of thanks be given to the members of the Illinois Chapter and 
the Committees which cooperated so splendidly in handling the details of the 
35th Annual Meeting of the Society, and tell them how much the members appre- 
ciate the entertainment and hospitality that they provided. 


Roswell Farnham, Buffalo, also proposed the following resolution which was 
seconded by J. M. Robb, and unanimously passed: 


Resolved that the President-elect write an expression of the Society’s appre- 
ciation to the University of Illinois for its cooperation and generosity in per- 
mitting the Society to have so much of the time of such valuable men as Prof. 
A. C. Willard and Prof. A. P. Kratz, and be it further resolved that we express 
our thanks to President D. Kinley for the splendid talk which he gave at the 
35th Annual Banquet. 
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W. T. Jones, Boston, stated that he would like to present in the form of a 
motion, an expression of opinion heard from many men attending the meeting: 


Resolved that the thanks of this Society be extended to the Committee on 
Testing and Rating Low Pressure Boilers for the patient, careful and thorough 
work it has completed, and be it further 


Resolved that the President of the Society be requested to express in writing 
to the individual members of the committee the appreciation of the Society for 
the many months of fine work they so splendidly performed. 


Motion was seconded by H. M. Hart, Chicago, and unanimously carried. 


E. K. Campbell, Kansas City, proposed the following motion: 


Resolved that the Society in 35th Annual Meeting assembled express to the 
Edgewater Beach Hotel and its managers, Mr. John Dewey and Mr. B. B. 
Wilson, some feeling of our appreciation for the service that they have rendered, 
and the splendid hospitality that they have given. 


The motion was seconded by Mr. Robb and unanimously carried. 


Roswell Farnham, Buffalo, offered the following resolution, which was sec- 
onded by Mr. Robb and unanimously carried: 


Resolved that the members of the Society extend a vote of thanks to the 
speakers who contributed from their knowledge, the splendid papers which have 
been presented at this meeting, and to advise the Chicago Association of Com- 
merce of our appreciation for the inspiring address delivered by Mr. Oliver 
J. Prentice ; 


And that it be further resolved that the Society thank the members of the 
Trade Press for their attendance and the publicity which they have given to the 
Society’s activities. 


PROGRAM 35TH ANNUAL MEETING 


AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 
EpGewATER BEACH Horet, Cuicaco, IL. 


Monday, January 28, 1929 


10:00 a.m. Council Meeting 
11:00a.m. Meeting for Nominating Committee 
12:30 p.m. Luncheon for Authors and Officers 


2:00 p.m. First Session— 


Address of Welcome, Oliver J. Prentice, Chicago Association of Com- 
mercé 


Greeting by President A. C. Willard 
Report of Tellers 
Amendments to Constitution and By-Laws 
Heating with Steam Below Atmospheric Pressure, by C. A. Thinn 
Report of Council 
8:00Pr.m. Meeting of Committee on Research 
8:30 p.m. Informal Reception and Dance 
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9:30 A.M. 


12:30 P.M. 
2:30 P.M. 


6:30 P.M. 


9:30 A.M. 


12:30 p.m. 
2:30 P.M. 


7 :00 p.m. 


9:30 A.M. 


2:30 P.M. 


4:30 P.M. 


Tue THIrty-FIFTH ANNUAL MEETING 43 


Tuesday, January 29, 1929 


SEconp SEssIonN— 

Report of Secretary 

Report of Finance Committee 

Investigation of Heating Rooms with Direct Steam Radiators Equipped 
with Enclosures and Shields, by A. C. Willard, A. P. Kratz, M. K. 
Fahnestoek and S. Konzo 

ae on the Effect of Surface Paints on Radiator Performance, by 
C. H. Fessenden and Axel Marin 

Acchitachoeal Aspects of Concealed Heaters, by J. H. Milliken and H. C. 

urphy 
Report of Membership Committee 
Ladies Luncheon (Marshall Field’s) 


Tuirp SEssion— 

Report of Committee on Research 

Thermal Resistance of Air Spaces, by F. B. Rowley and A. B. Algren 

Additional Coefficients of Heat Transfer as Measured under Natural 
= Conditions, by F. C. Houghten, Carl Gutberlet and C. G. F 

obe 

Air Infiltration through Various Types of Brick Wall Construction, by 
G. L. Larson, D. W. Nelson and é Braatz 

Past- Presidents Dinner 


Wednesday, January 30, 1929 


FourtH SESSION— 


Heat and Moisture Losses from the Human Body and Their Relation to 
Air Conditioning, by F. C. Houghten, W. W. Teague and W. E. Miller 

Cooling and Humidifying of Buildings, by S. C. Bloom 

The Summer Comfort Zone: Climate and Clothing, by C. P. Yaglou and 
Philip Drinker 

Low Humidity Psychrometric Charts, by M. C. W. Tomlinson 

Ladies Luncheon and Bridge 


FirtH SEssion— 

Report of Committee on Rating Low Pressure Heating Boilers, by Alfred 
Kellogg, Chairman 

Frost and Condensation on Windows, by L. W. Leonhard and J. A. Grant 

Report of Guive Publication Committee 

Annual Banquet and Dance—Speaker, David Kinley, President of Uni- 
versity of Illinois 


Thursday, January 31, 1929 


SrtxtH Session— 


Discussion on Correlating Thermal Research 

Report of Committee on Heating and Ventilating Garages 

Application of Oil Burners to Various Types of Domestic Heating Sys- 
tems, by J. H. McIlvaine 

Laundry, Kitchen and Hospital Equipment, by H. C. Russell 


SEVENTH SESSION— 

Ratio of Opening of Fan Performance in Terms of Direct Pressure-Quan- 
tity Relations, by G. E. McElroy 

Installation of Officers 

Resolutions 

Council Meeting 
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CoM MITTEE ON ARRANGEMENTS 


H. G. Thomas, General Chairman 
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LAUNDRY, KITCHEN AND HOSPITAL 
EQUIPMENT 


By H. C. Russety,! CHattanooGa, TENN. 
MEMBER 


INTRODUCTION 


HE requirements of laundry, kitchen and hospital equipment vary widely, 
first, because there are so many different classes of laundries, kitchens and 
hospitals and second, because the operating technique is rarely the same. 

Equipment for any of the above mentioned which has been perfectly satisfac- 
tory may suddenly become absolutely unsatisfactory when a new laundryman, a 
new cook or a new set of nurses have been employed. 

The data and methods given herein are for average operating conditions, but 
special consideration should be given unusual requirements. 

Piping systems for laundry, kitchen and hospital equipment should have sepa- 
rate flow and return lines, the former of which may be either above or below 
the equipment ; the return lines, however, should be located below. 

Traps (preferably thermostatic) are placed on each coil or unit, and the con- 
densation is led into a return main which is itself vented, and proceeds by gravity 
into a vented receiving tank. 

The vertical pipe in connections, especially the drop lines from overhead steam 
mains, are often dripped through separate traps although they may be omitted 
as the fixture coils and traps will care for a limited amount of condensation 
when the fixture valves are opened up without any damage ensuing. 

The steam mains should be dripped and drained in about the same manner 
that would be required in steam piping for any other purpose. 


LauNDRY EQUIPMENT 


It is not proposed to discuss custom laundries here, but rather, the flat-work 
laundries which are found in hotels and institutions. Custom laundries are sel- 
dom designed to meet certain, definite requirements as in a hospital having so 
many beds or a hotel of a large number of rooms; they are often built to repre- 
sent an investment, to meet special requirements in a general way, such as serv- 
ing one type of population. In hotels and institutions, flat-work laundries are 
found which have more definite requirements, both as to volume of work. and 
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character. Most of the linen in such institutions consists of flat work such as: 
sheets, towels, pillow-cases, blankets and table linen. 

A great variety of special machines, used mostly in custom or general laundries 
will not be mentioned here. Some of these are occasionally used in flat-work 
laundries where a limited amount of other classes of work is to be done but 
usually, they occupy little floor space and use small amounts of steam, water and 
electricity. “When needed, they may be added without materially affecting the 
layout of the other and larger machines requiring more floor space, steam, water 
and electricity. This class includes washing machines, extractors, tumbler dry- 
ers and flat-work ironers. 

Some notable changes have taken place in the laundry industry during the last 
decade. The engine and line shaft which were used for many years have been 
replaced by individual motor-driven machines; the former reversing mechanism 
of washers has been substituted by reversal of rotation of the motors driving 
them. In such a laundry, the electrical mechanism for reversing the motors, the 
switches and rheostats are mounted on a central control panel; these remote 
control devices are operated by a push switch at the machine. 

The reversal mechanism of washers and tumbler dryers is so arranged that 
two or more machines controlled from the same board cannot be reversed simul- 
taneously in order to flatten out the load curve on the feeders. This is impor- 
tant, especially when alternating current is used, for such motors take nearly 
twice their running current while starting. Ordinarily, each washer is reversed 
every eight seconds. 

With remote control, a great deal of tampering of the switching mechanism 
has been eliminated. The amount of exposed gearing and energized electric 
wiring has also been reduced to a minimum, thus doing away with a great 
many accidents. 

Proportioning Equipment 

Probably the minimum equipment of a well-equipped flat-work laundry, the 
capacity of which is beyond the domestic plant, is comprised of the following: 
one 36-in. by 48-in. washer, one 36-in. by 64-in. washer, one 26-in. centrifugal 
extractor, one four-roll 90-in. flat-work ironer, one 30-in. by 42-in. drying 
tumbler, one two-truck dry room, one 15-gal. starch cooker, one 38-in. pressing 
machine, one hand-ironing board, two 8-Ib electric irons, two laundry tubs and 
one wringer. 

In a hospital laundry one 36-in. by 48-in. by 84-in. disinfector is usually 
installed, which is large enough to receive an ordinary hospital mattress without 
distorting it. The disinfector is placed in the laundry in order that the clothes 
may be sterilized before being washed. 

Such a laundry would meet the requirements of a 250-bed hospital or a 350- 
room hotel on a basis of 44 hours per week, although for a smaller number the 
equipment would be about the same but operated fewer hours per week. In the 
minimum laundry, the prime purpose of the two washers is to provide for break- 
down service. Washers require repairs oftener than any other machine in the 
laundry and are indispensable to the operation of the plant. It has been found 
desirable to have one small washer installed, regardless of how many larger 
ones are installed. 

A few typical cases, which have proved ample but not extravagant, are cited. 
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The demands of a 750-bed tuberculosis hospital were met by the following 
equipment, on a basis of 44 hours operation per week: 


One 36-in. by 48-in. washer. Six 8-lb electric irons. 

One 36-in. by 64-in. washer. Four hand laundry trays. 

One 30-in. and one -26-in. extractor. Four wringers, mounted on laundry trays. 

One 42-in. by 72-in. drying tumbler. Two 15-gal starch cookers. 

One 120-in. five-roll flat-work ironer. Two 60-in. long starch tables. ¢ 

One 36-in. high 48-in. wide and 84-in. Three 38-in. pressing machines for uni- 
long disinfector. forms, etc. 

One two-truck dry room. One 60-gal soap tank. 


Four hand ironing boards. 


The flat work for a system of dormitories in which 1800 women were housed 
and fed was done in a laundry with the following equipment, on a 44-hour per 
week basis: 


Seven 36-in. by 64-in. washers. Three 8-lb electric irons. 

Five 26-in. and 30-in. extractors. Two hand laundry trays. 

One five-roll 110-in. flat-work ironer. Two wringers, mounted on laundry trays. 
Two 42-in. by 72-in. tumbler dryers. Three 38-in. pressing machines for uni- 
One six-truck dry room. forms, etc. 

Four 15-gal starch cookers. Three 49-in. pressing machines for uni- 
Four 60-in. long starch tables. forms, etc. 

Two hand-ironing boards. Four 60-gal soap tanks. 


Washing Machines 


The washers used in these instances were of the standard type, and about one 
cycle or washing per hour was accomplished. 


A “high duty” washer, as it is called, makes it possible to approximate two 
cycles per hour, and differs from the standard type in that it has nearly twice 
as many supplies and waste connections and thus fills and discharges more 
quickly. In order to realize the advantages claimed for these machines, however, 
it is necessary that the machines be charged and discharged with corresponding 
rapidity. 

The “sterilizing,” another type, has a steam-tight body, operating with a 
pressure of about 30 lb steam while washing. Although more expensive in 
initial cost and upkeep than other types, this washer is sometimes used in hos- 
pital laundries. 


Cylinders of washers may be one or two compartment by providing a parti- 
tion in the center. Where a number of machines are installed, only two, perhaps, 
need be two-compartment type. Having compartments facilities keeping pieces 
separated according to size and classes. This kind of separation makes for more 
efficient handling at all stages of the process. 


About 2 Ib of dry laundry per cubic foot cylinder capacity may be figured 
for the washing process. Thus during one hour, in which one cycle is allowed, 
some 100 Ib may be taken as the capacity of a 42-in. by 72-in. washer and 200 
Ib per hour may be estimated as the capacity of a high duty washer of the 
same size. These figures are for dry weight, and the cycle includes loading, 
washing, rinsing, emptying and unloading. 

Washers are rated on the diameter and length of the cylinder inside. For in- 
stance, the cylinder of a 42-in. by 72-in. machine is 42 in. diameter and 72 in. 
long, inside measurements. 
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Flat-W ork Ironers 

Capacity of flat-work ironers is determined by width of machine, number of 
rolls, steam pressure carried and efficiency of venting and draining the rolls. 

The proportions given in the instances cited indicate the approximate number 
required in a laundry. It is not advisable to install a flat-work ironer having less 
than five rolls, especially when blankets are to be laundered, which is usually 
the case in a flat-work plant. Where there is a smaller number of rolls, too 
much material has to be run through twice and sometimes, more. In general, a 
six-roll flat-work ironer is preferable. Care must be taken to see that the length 
of the rolls is well above the width of the widest sheets to be ironed. 

Flat-work ironers are rated on length of roll in inches and number of heated 
rolls. Thus, a “110 five-roll” machine has five rolls, each of which is 110 in. 
long. 

Tumbler Dryers 

The proportion of tumbler dryers to washers is established in the instances 
given. For an unusually large percentage of blankets and similar articles, larger 
tumbler dryers would be required, and in a locality where few blankets are used, 
they may be smaller. 

Tumbler dryers are high duty dryers for work that could be done in the dry 
rooms. Although not absolutely necessary, they are regarded as being practi- 
cally indispensable nowadays. 

Tumbler dryers are rated on diameter and length of cylinder for the reception 
of material to be dried. A 42-in. by 72-in. tumbler has a cylinder 42 in. in 
diameter and is 72 in. long. 

Each of these machines is provided with a small.hot-air fan as part of the 
machine with the outlet on the back, provision being always made for a duct 
the size of the air outlet to discharge out of doors. The lint often carried in 
this air makes its discharge into the rooms objectionable. 


Water, Steam and Power Requirements 
The minimum amount of water, steam and power required may be expected to 
be about 100 gal of cold water, 80 gal of hot water, 30 lb of steam and 1 kw of 












Size or WasuHinG 





Gav Hor WATER PER 
Hour PER WASHER 


Capacity 1n StroraGe Tank 
PER WASHER 











MACHINE 

$ Small 150 100 
Medium 200 150 
Large 300 200 








electricity per 100 lb of clothes (dry). Average laundries will exceed these 
figures by 50 per cent and small laundries by 100 per cent. 

The instantaneous demands for steam and water are much higher than the 
average demand, and many installations have had to provide an increased supply 
of hot water and steam, after being placed in operation. 

Due to the heavy instantaneous demands, especially in a small laundry, it is 
well, wherever practicable, to obtain the supply from the main boiler plant where 
these drafts will not be felt. In this case, the amounts given in the accompany- 
ing table are satisfactory for a medium size flat-work laundry having standard 
washers. If high duty washers are used, they should be doubled. 











Launpry, KitcHEN AND Hospitat Eguipment, H. C. Russeiy 49 


If an individual boiler is installed for the laundry,’or if, for any other reason, 
the load curve must be flattened out, the use of larger tanks and consequently, 
more storage, is necessary. Tanks double the sizes given in this table are often 
found necessary. 

The average drying tumbler, as one which is 42 in. by 72 in., requires about 
600 Ib of steam per hour. Steam requirements of other machines and dry room 
combined do not exceed one-third that of the drying tumbler. Although washers 
have steam connections for which considerable steam is used, a reduced amount 
of hot water is used. In some cases, steam is liable to carry oil in suspension ; 
hence, its use in washers is objectionable in such cases. 

The maximum demand for electric feeders should be taken at full connected 
load for direct current, and for alternating eurrent, the power to operate the 
largest washer should be added to the full connected load. The latter require- 
ment is intended to provide for reversal of machines which is negligible with 
direct current but considerable for alternating current. 

Washers require from 2 to 8 hp for drive, according to size, plus 100 per cent 
for reversing when alternating current machines are used. Extractors require 
2 to 5 hp to drive, depending upon size. Tumblers take from 3 to 6 hp to drive, 
flat-work ironers from % to 2 hp and electric irons from 500 to 1000 watts. 


Steam Pressure Required 


The capacity required of the flat-work ironer largely fixes the steam pressure 
required, as all other machines may use steam at widely varying pressures with- 
out appreciably affecting their operation or capacity. 

With a flat-work ironer of five or six rolls, 70 lb per sq in. is generally suffi- 
cient, although pressures of 90 Ib are sometimes necessary in order to get the 
full capacity from the machine. 

Sixty pound is ample for the disinfector and small presses. 


Pipe Sizes and System of Piping 

The branches to each machine must be large enough to meet instantaneous 
requirements but the steam and water mains need not exceed one-half the 
combined area of the branches, as more than two heavy machines are not 
likely to be drawing full capacity simultaneously. 

Steam connections to washing machines are % in. to 1 in., according to size; 
to tumblers 1 in. to 1% in.; to dry rooms, usually 3% in.; to flat-work ironers 
34 in. to 1 in.; starch cookers % in. and to garment presses % in. Although 
there are several small connections to the disinfector, the main supply should 
be 1 in. 

The main steam lines should be properly graded and drained. If run at laun- 
dry ceiling, as is usually the case, the vertical drops need not be dripped to the 
individual machines for the coils and traps will take care of the condensation 
without any damage. 

Return connections are made from all equipment except washers. Each coil 
or heating unit should be tapped separately through a thermostatic trap into a 
common return line which is vented and graded downward to a vented receiving 
tank. 

A ¥-in. return connection and 4-in. thermostatic trap is ample for any coil 
or heating unit except the tumbler which should be 34-in. return with 34-in. 
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thermostatic trap. A %4-in. return and thermostatic trap will serve the smallest 
size drying tumbler, however, and return mains having an area one-half the 
combined area of the branches is ample, 14-in. being the minimum pipe size. 

Although it is sometimes necessary to run return mains along the laundry 
ceiling, this is not advisable, for in such cases mechanical instead of thermostatic 
traps must be used, the condensation being lifted from floor to the return by 
the steam pressure. Such a main should be vented and run by gravity to a 
vented receiving tank. 

Cold and hot water connections to washers are 1% in. to 2 in.; 1% in. to soap 
tank and starch cooker and % in. to each laundry tray. 

High duty washers usually have two connections, each being the same size as 
for corresponding machines of similar dimensions. The extra capacity of these 
washers is dependent upon quick filling. 

The individual control valves on the hot and cold water connections are 
placed in a convenient location for operation. 


Water Softening 


Soft water is required for satisfactory laundering, hard water forming insolu- 
ble compounds of calcium, magnesium and iron with the addition of soap, which 
cling to the fibres and spot the material. So much more soap is required when 
hard water is used, that it is desirable to have a water softener. 


A number of such systems have been developed during recent years and have 
been found to be very satisfactory. 


Layout of Equipment 

For efficient operation, the arrangement of equipment must be given careful 
consideration, in order that it will fit in with the natural sequence of handling, 
from receiving to delivery. 

Whenever possible, the laundry should be a separate building. The raistake 
has often been made of putting it on the second floor of the power house or in 
the basement of a dormitory. The ceilings of the building should be high, the 
rooms well ventilated by large windows and ample roof ventilators. Ventilating 
fans are often required. 

All operations except those of receiving, mending, storing and delivery should 
be carried on in one room, as with this arrangement, better lighting and ventila- 
tion may be obtained and the general efficiency is increased. 


Typical Layout 
Fig. 1 illustrates a layout of a laundry for a 500-bed tubercular hospital. 
In a 750-bed hospital for flat work only the following was sufficient. 


One 36-in. by 42-in. by 84-in. disinfector. Five hand ironing boards. 
One 36-in. by 48-in. standard washer. Six 8-lb electric irons. 
Two 42-in. by 72-in. washers. One 20-gal starch cooker. 
Two 60-gal soap tanks. One 36-in. by 60-in. starch table. 
Two 30-in. extractors. Four laundry trays. 
One 42-in. by 90-in. tumbler. Four wringers attached to trays. 
One 110-in. six-roll flat-work ironer. Two 36-in. by 108-in. wood tables for use 
Two 38-in. garment presses. in connection with flat-work ironer. 
Two 49-in. garment presses. Four 24-in. by 30-in. truck tubs. 
One . trie dry room, and one extra One electric sewing machine. 

tru 
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Built-in tables and shelves are provided in the mending and delivery rooms 
for storage and sorting. The disinfector arrangement should make it possible 
to disinfect material before reaching the laundry proper. The parallel passage 
of flat work through washers, extractors, tumblers and flat-work ironer with that 
of the laundry trays, dry room and presses guards against any contact of washed 
and unwashed materials. 

In Fig. 1, steam is furnished from a central plant, the hot water tank being 
placed in a room at one corner of the building, below the laundry-room floor. 
The ceiling height is 22 ft and 20 ventilators of the 36-in. size are provided in 
the roof. Mezzanine floors are to be found over the receiving and delivery 
sections in which toilet and locker rooms are located. 

A hot water heating tank of 400-gal capacity, having a copper coil of 20 sq ft 
and operating on 65 lb of steam pressure takes care of the hot water supply. 

The waste from the washers is conducted into a trench in the concrete floor, 
30 in. wide, 4% in. deep at each end and 6 in. deep in the middle. An 8-in. drain 
in the middle, protected by raised grating, leads to the sewer. In this way, most 
of the lint, which might cause trouble, is caught in the grating. It is important 
that washers do not discharge directly into a sewer on account of the stoppage 
resulting. A similar depression with drain is provided for extractor. 

Water and steam distribution lines run overhead with individual drops to 
machines. Returns have individual thermostatic traps at each coil or unit re- 
quiring return and return mains are run below the concrete floors, encased in 
terra cotta pipes. The return mains are run by gravity back to a vented 
receiver in the power house some 500 ft distant. 

Heating is done by vacuum system, with mains running at ceiling and returns 
in trenches below concrete floors in the same manner as returns from laundry 
equipment, then back to vacuum pumps in the power house. 


KiTCHEN EQUIPMENT 
The equipment considered here includes the usual cooking equipment found 
in the ordinary institution or hotel kitchen. Although there are other special 
appliances to be had, these, for the most part, require little space, steam and pipe 
connection and may easily be installed as an after-thought. 


Character of Equipment 

Nearly all so-called “steam” kitchen equipment, including steam tables, dish- 
washing machines, warmers and kettles may be obtained for either gas or steam 
heat. 

For the small kitchen, where gas is available, the direct gas-fired equipment 
is preferable, perhaps, especially if a steam boiler must be installed. In a large 
kitchen, however, even if gas is to be used as fuel, it is better to install the usual 
steam equipment and a gas-fired steam boiler. In cases where employment of 
a licensed engineer is necessary, the use of direct gas-fired equipment might be 
desirable. 

There are certain advantages which steam heated equipment has over gas in 
connection with steam tables, dishwashers and kettles. It can be left on a dry 
fixture indefinitely without damage, while with gas this is not true. The cost 
of upkeep and maintenance of steam equipment is considerably less, even in the 
event of there being a gas-fired steam boiler installed. 
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Although a range may be fired with wood, coal, oil or gas, the latter is to be 
preferred. The use of electricity for a range is practicable, but being more 
expensive, it is not so common as gas. 


Proportioning Equipment 


It is difficult to lay down general rules for proportioning equipment to be 
installed in the kitchen as so much depends upon the technique employed by the 
management. The proportions laid down below are subject to wide variation, 
on this account, and are based upon steam-heated equipment. No substantial 
difference in capacity exists, however, if gas-heated equipment is used. 


Ranges 


The smallest practicable gas or coal range has a top surface of about 7% sq ft 
and an oven volume of about 4000 cu in., this size being considered sufficient 
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for about 25 persons on the theory that no kettle or roasting ovens would be 
installed in such a small kitchen, that all cooking of that sort would be done on 
the range. About 15 sq ft top surface and 8000 cu in. oven space is ample for 
100 persons, and for each additional 100 persons, 7% sq ft top surface and 4000 
cu in. oven space should be allowed. 

In order to produce sufficient dependable ventilation, it is desirable to have a 
steel range hood with a fan to create a good draft. In most cases, the range 
stands against a wall, the hood projecting 12 in. or more beyond the edge of it 
at the ends and front. A double hood such as shown in Fig. 2 is generally con- 
ceded to be the best of this type of equipment. A slot 2 in. wide runs the full 
length of the hood on the side and in front. There should be sufficient volume 
of air to produce a velocity of 900 fpm through the slot, or 150 cu ft of air 
per minute per linear foot of same. 
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Cook’s Table 

Constructed of steel, the cook’s table is about 3 ft wide and is generally placed 
opposite the range front, some 4 ft from it. There are several types of such 
tables, one of which is provided with drawers for knives and similar equipment. 
Another kind has warming closets in the base, while another type frequently 
found in cafeterias, is a combination of cook’s table, warming closet and steam 
table. 

The bain marie is generally built in the cook’s table or installed at one end 
of it; a cook’s sink, usually a simple galvanized affair minus a back and about 
i8 in. by 36 in. by 6 in., is often placed at the end of the cook’s table, opposite 
the bain marie. 

The sauce pan rack is almost invariably the full length of the cook’s table and 
consists of two rails or racks about 24 in. apart, one rail over each edge of the 
table, with a semi-circular connecting rail at each end. Hooks attached to the 
rails provide storage room for the pans. Although small racks are often attached 
to the table, the larger ones are supported from the ceiling, thus leaving the table 
free. 


Kettles, Ovens and Steamers 

Stock kettles, roasting ovens, vegetable steamers and cereal cookers are seldom 
installed in kitchens serving less than 50 persons as such cooking is done on the 
range. 

The following sizes of steam kettles and roasting ovens are suggested: 


One 25- or 30-gal kettle and one 25- or 30-gal roaster to serve 250 to 300 persons. 
One 40- or 50-gal kettle and one 40- or 50-gal roaster to serve 350 to 450 persons. 
Two 30- or 40-gal kettles and two 30- or 40-gal roasters to serve 500 to 700 persons. 
Three 30- or 40-gal kettles and three 30- or 40-gal roasters to serve 750 to 1000 persons. 


In this way, the requirements of hotel kitchens would be: 


100 rooms—One 40-gal steam kettle. 
250 rooms—One 50-gal steam kettle. 

One 25-gal steam kettle. 

One 10-gal steam kettle without cover. 
500 rooms—One 75-gal steam kettle. 

Three 60-gal steam kettles. 

One 20-gal steam kettle without cover. 
800 rooms—Two 100-gal steam kettles. 

Two 75-gal steam kettles. 

One 60-gal steam kettle. 

One 40-gal steam kettle, tilting type. 

One 25-gal steam kettle without cover. 
1000 rooms—Four 100-gal steam kettles. 

Three 80-gal steam kettles. 

One 60-gal steam kettle. 

One 25-gal steam kettle without cover. 

One 60-gal steam kettle, tilting type. 


For a hospital or institution kitchen, where the staff dining hall and diet 
kitchens are served by the main kitchen, the following equipment is suggested: 


50 beds—One 25-gal steam kettle. 
150 beds—One 25-gal steam kettle. 
One 40-gal steam kettle. 
250 beds—Two 60-gal steam kettles 
One 10-gal steam kettle without cover. 
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Vegetable steamers are not usually installed for less than 50 persons, such 
cooking being done on other equipment. A 2-bushel vegetable cooker will serve 
200 persons, while an additional two-bushel steamer will be sufficient for 200 
persons until three such steamers are installed, which would serve 1000 persons. 
Vegetable steamers are made in 1-, 2- and 4-bushel sizes. 


The compartment type of cast-iron vegetable steamers is not used much nowa- 
days on account of being difficult to keep clean, leakage between the sections and 
the impossibility of keeping the doors tightly closed. 


Cereal Cookers 


One 15 gal cereal cooker will serve 100 persons and an additional one for each 
200 persons besides should be installed, until there are four such cookers; this 
number is sufficient for 1000 persons. 


Coffee Urns 

A pair of coffee urns, each having a capacity of 5 gal per 100 persons should 
be provided, urns having capacity of 3 gal each taken as the minimum size to be 
installed. Such urns are generally fitted with a water boiler between, which has 
a capacity equal to that of the two urns combined. 


Steam Tables 


In cafeteria kitchens, the steam tables tend to take the place of the cook’s 
tables and are usually placed opposite the ranges and stock kettles. The sizes of 
such tables are usually as follows: 


Five-foot long unit—Two meats 
Four pots will serve 150 to 250 persons. 
Two gravies : 

Six-foot long unit—Two meats 
Four pots will serve 250 to 300 persons. 
Two gravies 

Seven-foot long unit—Three meats 
Six pots will serve 300 to 500 persons. 
Two gravies 

Sinks 


Pot sinks, work sinks, meat and vegetable sinks are usually of galvanized 
sheet iron, with 12-in. backs and drain boards at each end. 

One 36 in. by 26 in. by 16 in., two compartment pot sink will be large enough 
for 50 persons; for larger kitchens, one which is 72 in. by 27 in. by 16 in., with 
three compartments. 

Few kitchens would require a larger sink than the one mentioned. 

A vegetable sink of corresponding size should be installed in the vegetable 
preparation room and a sink of the same size should be provided in the general 
work room. 


Smaller sinks are used for other purposes, and these are generally 30 in. by 
18 in. by 6 in. 


Fish Refrigerator 
Fish cannot be kept in an ordinary refrigerator, and it is best that they be 
packed in ice. For less than 100 persons, some makeshift may be used unless 
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fish is used often; for a large kitchen, a fish box should be provided, the smallest 
procurable having an internal capacity of 9 cu ft and sufficient for 200 persons. 
Installation of larger sizes would depend upon amount of fish to be in storage 
at one time. 


Ice Cream and Sherbets 

A 20-qt motor driven freezer will provide ice cream for less than 200 persons. 
For over this number, however, a 40-qt freezer should be used, and in connection 
with this process, it is well to consider the advisability of installing an ice- 
cracking machine. An ice chest for the kitchen is generally 22 in. by 28 in. by 
33 in. 


Mixing Machines 

Mixing machines for batters, salad dressings and such preparations are found 
in most kitchens of this sort, and these may vary in sizes, ranging from the 
15-qt to the 60-qt and 80-qt capacities. As the 60-qt size is sufficient for 300 
persons, it is perhaps the most popular. 


Vegetable Peelers 


These should be in the vegetable preparation room. They vary in sizes from 
the 25-lb peeler, which serves 100 persons, to the 60-Ib size, this being sufficient 
for 1000 persons. It is advisable to install a small sink having a 3-in. waste 
outlet adjacent to this machine, with a cold water faucet over it, in order to 
take care of the waste. The hopper should be close to the floor and this will 
require that the trap be placed at the ceiling below. 


Dishwashing Machines 

Dishwashing machines are rated by the number of dishes washed per hour ; the 
rated capacity of the machine should be 10 times the number of meals to be served 
in any hour. 

Such washers are built with one, two and three tanks and a like number of 
separate sprays. In this way, mixing of wash and rinse waters is avoided. The 
single tank machines are available in such small sizes, that they are suitable for 
diet kitchens and similar kitchens which are very small. 

Of the three tank style, there are certain types which are semi-sterilizing in 
their operations because the last spray through which the dishes pass is a mixture 
of hot water and steam. Necessary in hospital kitchens, this type is not essential 
in the ordinary kind. 

A dishwashing sink is about 30 in. by 18 in. by 6 in., with a wooden drain 
board at each end should be provided somewhere near the outlet end of the 
washer. It is unavoidable that a dish now and then passes through the average 
machine without getting properly washed, hence, must be picked up as it passes 
out. 

Sterilizing dishwashers and possibly, some others, discharge the dishes suffi- 
ciently hot to dry themselves almost instantly, but where this is not the case, the 
dishes must be hand dried. 


Broiler 


. A broiler may not be required in an institution kitchen but it is always neces- 
sary in a hospital, hotel or club kitchen, if less than 100 persons are to be served. 
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Broilers are obtainable for electric, charcoal or gas heat and in widths of 18 
in. to 40 in., are approximately the same depth as ranges and are usually placed 
at one end so that the range hood can be utilized for carrying away the odors. 


Miscellaneous 


Meat blocks, meat slicers, coffee mills and bread slicers are usually found neces- 
sary, and in a large kitchen or bake shop, a barrel truck is frequently advisable. 


Short Order Kitchens 


These are often required in hospital kitchen and for one of ordinary size, a 
24-in. by 30-in. gas or electric hot plate is generally used, a small steam heated 
warming closet, an 18-in. by 30-in. by 6-in. sink and a small work table. 


Diet Kitchens 


Diet kitchens are generally provided in hospitals, and these are distributed 
among the wards and bedrooms. In certain kinds of hospitals and in institutions 
the main dining rooms are built adjacent to the main kitchen and the “ambulant” 
patients and personnel go to.these, but the diet kitchens are for the bed patients. 

The bulk of the preparation for these kitchens is performed in the main kitchen, 
being carried from there in heated focd carts. 

Equipment for a diet kitchen usually consists of an 18-in. by 24-in. gas or elec- 
tric hot plate, one four ft steam table with meat pan, four vegetable jars and 
two gravies ; a warming closet below the steam table, a 1500-piece capacity dish- 
washing machine, a small refrigerator and an 18-in. by 30-in. by 6-in. sink. 


Bake Shops 


If the baking of bread and pastry is to be done on the premises, the bake shop 
should be apart from the main kitchen, although adjacent to it. In a contagious 
hospital, however, where the main kitchen may be in a location subject to infec- 
tion, the bake shop should be well away from it. 

Ovens are rated on the capacity at one baking, so that installed in the bake 
shop there should be one-half of one pound loaf per person. In larger institu- 
tions, the oven may be of smaller relative capacity, but based on more continuous 
baking operations. 

A pastry oven having an aggregate baking surface of some 5 sq ft per 100 per- 
sons should be provided in the bakery. In some cases, bread is purchased, and 
the oven is used for pastry only, thus eliminating the necessity of having the 
separate bake shop, and installing the pastry oven in the kitchen. 

If gas is not available for baking or pastry ovens, electricity is the next best 
type of fuel. Although coal and wood are sometimes used, they are not entirely 
satisfactory for baking. Of all types of cooking equipment, ovens have proved 
the most adaptable to electric heating. 

In bake shops generally, a bakery combination consisting of sifter, elevator, 
tempering tank, dough and cake mixers is considered necessary. Such outfits 
are rated on the capacity of dough mixer in barrels per hour and sizes from one 
to four barrels are available in this combination. One-half barrel is rated per 
100 persons in a small institution and one-quarter barrel for larger hospitals. 

Bowls of various sizes from 30- to 80-qt capacity are attachments to the cake 
mixing part of the combination, in which sponge beaters, batter beaters, dough 
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beaters are operated; this part of the bakery combination is practically the same 
as the mixing machine installed in the main kitchen. With the bake shop adjacent 
to the main kitchen, one mixing machine outfit may serve both places; in any 
event, the bowls and attachments should be interchangeable. 
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A steam heated or gas heated proofing oven having a capacity of 12 sq ft shelf 
space per 100 persons should be provided in connection with the bread oven. 


A dough trough on rollers, from 4 ft to 10 ft in length is necessary in the bake 
shop. The work table is usually larger than the dough trough, with space under- 
neath for storing the trough. A pair of platform scales of about 400-lb capacity 
are needed in a bakery, and in a good sized kitchen, a similar pair should be pro- 
vided. 
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Cafeteria Restaurant Service : 


Many institutions have cafeteria restaurant service, and the coffee urns, milk 
urns and ice cream cabinets are placed behind the rail. Provision must be made 
for steam tables, cold pans and salads, also. The cold pans are 24 in. wide, are 
available in various lengths and refrigerated by ice or coils. Most of such pans 
are some 4 ft long. A small sink should be placed behind the cafeteria rail. 


Refrigerators 


Where a central cooling plant is used, as is often the case, built-in refrigerators 
should be installed. Portable refrigerators, if used and connected to the central 
plant, will soon result in a sloppy installation of refrigerant piping due to tempta- 
tion to move them frequently. 

Electric, self contained, portable refrigerators are advisable where no central 
plant is provided. 

An ice-cooled refrigerator is the last resort, except in hospital diet kitchens 
where the desirability of having a small amount of ice on hand makes a small, 
ice-cooled refrigerator suitable. 

In the main refrigerators there should be separate compartments, or separate 
refrigerators, for the storing of meats, vegetables, dairy products and salads and 
one, also, for miscellaneous products. 

Garbage refrigerators are often necessary in congested urban communities, 
and these should hold two garbage cans for every 70 meals served. The destruc- 
tion of garbage in incinerators in such communities often gives rise to complaints 
on account of the odors. 


Layouts 


The sequence of operations should be kept in mind in the planning of a kitchen. 
Every part of the room should be accessible in order that the service may be con- 
tinuous, with as few steps as possible being taken by waiters and cooks. Cross 
travel or counter rotation should be avoided. Although enough space is desirable, 
this factor can be over-emphasized. Possible future expansion should be taken 
into account and the layout should be so planned that the minimum amount of 
help will be required. Figs. 3 and 4 are kitchens for a hospital and hotel, 
respectively. 

The kitchen should be near enough to the dining room to insure quick service. 
In general, exhaust ventilating fans should be installed in the kitchen rather than 
in the dining room; in this way, the draft will be from dining room to kitchen 
when the communicating doors are opened rather than the other way round. The 
placing of service pantries between kitchen and dining room help to maintain this 
condition and also shut out noises issuing from the kitchen. 

Adequate space should be provided for receiving and storing supplies and there 
should be but one entrance from the outside to the kitchen. 

The preparation spaces, pantry and ice cream shop should be as close as pos- 
sible to the service counters of the kitchen. Adjoining the dishwashing room 
should be a room for soiled linen; clean linen rooms should be placed close to 
the service pantries. Storage space must be had, also, for surplus dishes, and 
this should be near the kitchen. 

Ventilation requirements vary greatly, depending upon opportunities for 
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natural ventilation. It is only in rare instances, however, that natural ventilation 
which will be sufficient for a busy kitchen may be obtained. When a fan is needed, 
it should change the air each 3 to 5 min in kitchen and pantries. The ventilation 
of the range and of the dishwashing room should be separate from that of the rest 
of the room so that these units may be operated when others can be shut down. 

Work tables and china closets must be provided, also, as well as tables for 
soiled and clean dishes, the latter of which are usually built of wood, 2 in. thick 
and covered with galvanized sheet metal. 

The cereal cookers, steam cookers and soup kettles are generally grouped and 
the floor in this place should be depressed about 1 in. and provided with a drain 
for waste. 

A hood is usually desirable over these cookers, similar to the one over the 
range, and the ventilation through this hood may be considered as part of the 
kitchen ventilation. 

The following equipment was satisfactory for a 500-bed contagious hospital 


kitchen with dining room for 350 ambulant patients: 


One oil burning range 30 ft long. 

One 20 ampere hot plate for short orders. 

One 20 ampere grill. 

Two 60-gal stock kettles. 

Two 2-bu vegetable steamers. 

Two 100 Ib meat roasting ovens, steam. 

Two 25-gal cereal cookers. 

One sterilizing dishwasher, 5000 pieces an 
hour. 

One meat chopper. 

One cook’s table 18 ft long. 

One 36-in. by 36-in. bain marie sink. 

One 24-in. by 50-in. roll warmer. 

One 24-in. by 48-in. by 60-in. plate warm- 
er. 

One coffee urn set consisting of two 50- 
gal urns, one 100-gal water urn, with 
stand and cup warming closet. 

One 24-in. by 60-in. cold pan. 

One ice cream cabinet with three 5-gal 
containers. 

One 72-in. meat table. 

One 12-ft vegetable table 

One 18-ft double sauce pan rack. 

Cne 40-lb potato peeler. 

One 80-qt mixing machine. 


One steam table with warming closet, 10- 
ft long having four meat pans, three 
gravy boats and four 2-gal vegetable 
jars. 

One motor driven drink mixer. 

One 40-qt motor driven ice cream freezer, 
with provision for storage of ice cream 
in refrigerators. 

One 48-in. by 24-in. by 14-in. pot sink, 
two compartment. 

One 36-in. by 24-in. by 14-in. pan sink. 

One 60-in. by 20-in. by 12-in. two com- 
partment vegetable sink. 

One 48-in. by 24-in. by 12-in. two com- 
partment vegetable sink. 

One 30-in. by 20-in. by 6-in. meat sink. 

One 16-in. by 16-in. by 12-in. sink for 
potato peeler waste. 

One 30-in. by 20-in. by 6-in. sink for short 
order kitchen. 

One 30-in. by 20-in. by 6-in. sink for ser- 
vice counter. 

Two drinking fountains with cup filling 
faucets. 

One 22-in. by 28-in. by 33-in. ice chest. 


The bake shop equipment consisted of the following: 


One 250 loaf electric bake oven. 

One pastry oven having 25 sq ft. baking 
surface, electric. 

One 2-barrel bakers combination with 3- 
barrel hopper and mixing machine at- 


Water Requirements 


tachments with 80-qt bowl. 

One 8-ft dough work table. 

One 6-ft dough trough. 

One proofing oven, shelf area 60 sq ft, 
electric. 


Hot water requirements for kitchens may be figured on the basis that each sink 
faucet will take 20 gal per hour and a 1000-piece dishwasher will take 40 gal per 
hour. The latter is somewhat under the control of the operator, for when more 
steam is used, less hot water is necessary. Although cold water requirements 
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are about double those of hot water, all that is needed is to have pipes of large 
enough size. 


Steam Requirements 


The dishwasher will consume from 50 to 100 lb of steam per 1000 pieces per 
hour. An allowance of 1% lb steam per person per hour will meet all steam re- 
quirements for the kitchen except those of dishwashing machine and water heat- 
ing. A 25- to 30-hp boiler will take care of the average steam needs for a kitchen 
serving 300 to 500 persons. The annual steam consumption of such a kitchen will 
be about 2,000,000 Ib. 


Power Requirements 


Dishwashers require 1 to 2 hp per 5000 pieces per hour, with the smallest ma- 
chine using % hp motor. Kitchen mixing machines take % to 1 hp, bake shop 
combinations 2 hp per barrel rating, 17 in. meat, food and vegetable choppers 
1 hp and the 20 in. size 2 hp. The horse power for coffee grinders, knife polish- 
ers and silver burnishers approximate one-fourth. Vegetable peelers take from 
Y to 1 hp according to the size. One-half horse power may be allowed for a 
25-qt ice cream freezer and 1% for the 40-qt size. 


Electric Cooking Requirements 


In a complete electric kitchen having ranges, broilers and hot plates run by 
electricity, the number of watts required for a complete meal will average as 
follows, this being the minimum: 


General restaurant—400 to 500 watts. 
Institution kitchen—175 to 200 watts. 
Colleges, boarding schools—250 to 350 watts. 
Clubs—450 to 600 watts. 


Unless there is care used in operating electrical equipment, there is apt to be 
considerable waste. 


Steam Pressures 


Steam cooking requires not less than 30 Ib and not over 50 Ib gage. Pressures 
as low as 1 Ib, however, are ample for some appliances such as food warmers. All 
jacketed pots have safety valves which are usually set at 50 lb; usually vacuum 
breakers are required on jacketed fixtures for the prevention of collapse under 
vacuum conditions. 


Pipe Sizes 


Hot and cold water connections to sinks are % in.; hot water only is provided 
for the dishwasher in pipes varying from 1% in. in the largest size and 4 in. in 
the smallest. One-half inch connections are used for hot and cold water to the 
bain marie and % in. ones for coffee urns. Stocks kettles, vegetable steamers, 
soup kettles and potato peeler sinks are often provided with a %4-in. faucet over 
each, supported independently of the fixture. It is generally only hot water, 
however, that is so connected. Drinking fountains and water coolers require 
¥ in. connections. } 

In determining the size of mains to care for two or more items, it is usually 
satisfactory to make the mains one-half the sum of the areas of the branches. 
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Steam Connections 

Steam connections to jacketed kettles, soup kettles, vegetable steamers steam 
tables, coffee urns, plate warmers and roll warmers are %4 in. for smaller and 4 
in. for larger sizes while for dishwashers, steam connections are from % in to 
1% in. 

In determining the size of mains required, it is advisable to make the area of 
two or more items about one-half the sum of the branch areas, keeping the sizes 
well up toward the ends of the runs. 


Return Connections 

Return connections are uniformly ¥% in. in size and are required for all equip- 
ment having steam connections except the spray to dishwashers. The coil in this 
machine, however, requires a return connection. 

Each unit or separate coil should be provided with a %4-in. thermostatic trap. 
If more than one unit or coil is connected to the same trap, air binding will result. 
Connections of the same size are made to return mains. 

Wherever it is possible, the return mains should run below the level of the 
equipment, and should be vented by extending them up to atmosphere at suitable 
points, being run by gravity to an open receiving tank. 

If necessary the return mains may run above the equipment, and in such an 
event, mechanical traps the same size as thermostatic traps will have to be used 
instead of thermostatic traps, and the condensation lifted to the return by the 
steam pressure in the line. The return main should be vented, also, and run to 
an open receiving tank just as if thermostatic traps were used. 


Drainage of Steam Mains 

The steam mains should be graded and properly drained in manner similar to 
any other steam piping system. It is not necessary, ordinarily, to drip the drops 
to the various pieces of equipment, as the jackets, coils and thermostatic traps 
will take care of a limited amount of condensation when opened, without any 
damage. Steam branch connections running below equipment will generally 
drain themselves back into the main. 


Gas Connections 

It is very important that gas connections of ample size be provided to all equip- 
ment using gas. Although the effect of a steam connection one or two sizes too 
small might not be noticeable, such reduction of gas connections would cause 
serious complaint. 

The information on the amount of gas consumed per hour with the different 
fixtures should be obtained from the manufacturer, and the gas piping should be 
sized accordingly. Some excellent tables for this purpose have been furnished 
by the American Gas Association and are of particular value when the gas con- 
sumption and length of run are known. 

The following is given as an approximation of connection sizes usually found, 
these being for equipment of average size: 


I ME i od evevescenasardoess £6 i NE isc csncudedancewnmens 1 to 2 in. 
BT MN OU 6 06.s0.c000cdeecnces lin. Dishwashers ...... eoeeeee 034 to 1% in. 


MEE, Cath eckksehosdacvas 1 to 1% in. 
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With range separate connections to top and ovens of 3% to 2 in. size are some- 
times used, and in some cases, two or more connections to top and ovens both are 
used in order to equalize pressure. In general, the equalized area, of a 1 in. pipe 
for each 3 ft length of range will approximate the total requirements for both 
top and ovens. Tables of equalization of pipe areas may be found in almost any 
engineering handbook. For small ranges, such as in diet kitchens, 1 in. is usually 
sufficient. Salamanders and warmers usually take 34 in. and steam tables 1 in. 
connections. 

In any case, whether the approximate sizes given for connections, are used or 
not, the main must be sized in accordance with tables given by the American Gas 
Association and various handbooks available, which take both the load and length 
of run into account. 


Waste Connections 

Such connections from fixtures are usually as follows: 
DE. Csacaeemns hinisiiecsees ...-2 in. Bain maries 
I ce iniots 5 alte mation ie see Drinking fountains 
Vegetable peeler sinks . in. Refrigerator drip pans 
Steam tables i 


Vents 


The steam-jacketed stock kettles, soup kettles and vegetable steamers are gen- 
erally constructed with 3 in. vents in the tops for the cooking chambers. These 
should be connected together into one 3-in. main vent and run into the vent from 
the range hood. It is advisable to use standard weight galvanized pipe, for al- 
though sheet metal pipe may be employed, it fails very quickly when used in 
such a location. 


Grease Traps 


The dishwasher, pot, pan and any type of sinks into which grease may find its 
way, should be provided with grease traps. When these are used on individual 
fixtures, the cold water supply to the fixture is connected to pass through the 
jacket of the grease trap. In placing such traps, it is a common failure to put 
them in such a position that it is difficult to remove the covers for cleaning, which 
should be avoided. Individual grease traps are generally made of cast iron. 

Institution kitchens, should, where possible, be provided with a main grease 
trap on the main waste line from these fixtures outside the building. This ar- 
rangement facilitates cleaning and is much more efficient as a grease extractor 
than the individual fixture grease traps. There is no objection to leading wastes 
from vegetable sinks which might not otherwise have grease traps, through this 
trap, if it is more convenient to connect them into the common waste line. Wastes, 
however, from sanitary fixtures or those passing considerable volumes of cold 
water, should not be connected through this trap. Sanitary wastes are obviously 
objectionable and too much cold water will cause the grease to coagulate before 
reaching the trap. 

In all cases, it is advisable to make the waste lines to the trap a little larger 
than would otherwise be the case in order to allow for a certain amount of coagu- 
lation and to provide an ample number of cleanouts for removal of stoppage. 

The main cold water supply line to the entire kitchen should be led through 
coils of pipe in the trap, and the sewer should be by-passed around the trap with 
valves which will make it more convenient to clean the trap. 
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For a kitchen feeding 500 persons, such a trap 6 ft by 6 ft by 4 ft below the 
invert of the sewer is sufficient. This is simply a concrete box extended full size 
up to grade and provided with removable covers the full area of box. The outlet 
sewer should be turned down, inside the trap, to near the bottom of the trap, so 
as to gather the cooler water, and the inlet should be at the surface. 

Two coils of 2-in. pipe, made up with return bends on 4%4-in. centers, should 
be across the trap or box in order that the wastes may flow between the pipes. 
Coils should be placed 2 ft apart and 2 ft from each end and the pipes should be 
vertical, so that the grease may be removed easily. The two coils may have water 
connections either in multiple or in series, preferably the latter if 2-in. pipe is 
large enough to carry the entire supply. If in a series, the water should first 
enter the coil toward the outlet end of the trap. 


HospitAL EQUIPMENT 


Every hospital must sterilize all instruments and utensils used in operations 
and treatments as well as all dressings before being used, bedpans and baby’s 
milk and bottles. There must also be provision for the sterilizing of mattresses 
and dishes. All of which makes it necessary that a plentiful supply of sterilized 
water and distilled water be at hand at all times. In hospitals where mental and 
nervous diseases are treated, there must be hydrotherapy and electrotherapy 
equipment, also. 

Instrument, dressing, utensil, dish and mattress sterilizers are usually rated by 
their internal dimensions in inches; water sterilizers by the gallon capacity of 
each of the two reservoirs, water stills by their capacity in gallons and pasteuriz- 
ers as well as bottle sterilizers by their capacity in 8-oz bottles. 


Selection of Sterilizers 

Sterilizers and water stills may be had which are heated by steam, electricity, 
gas, kerosene or gasoline, the preference being in the order named. Steam is the 
only method, however, for which the entire line of sterilizers are ordinarily made. 
Such sterilizers call for less equipment liable to derangement, are safer and 
quicker in operation and more economical. Electric sterilizers most frequently 
used, are confined to the smaller sizes, while those heated by gas, kerosene or 
gasoline are used only as a last resort. Steam heating, in fact, is the only way in 
which it is practicable to sterilize large mattresses. 

A steam heated sterilizer may operate dry indefinitely without any injury re- 
sulting, but this is not the case when other systems are used. Those which are 
electric should have equipment in order to protect them against low water and 
over pressure. When heated by gas, kerosene or gasoline, there should, at times, 
be devices for protection against pressure but not against low water. Difficulty 
often arises on account of the derangement to which such devices are always 
liable. 

Electricity is superior to any other method only in the case of the solution 
warmer, where, due to its adaptability to automatic control, it is preferable. 


Cost of Operation 


The cost of operation of steam sterilizer equipment is very little more than the 
cost of keeping steam constantly available and the amount of use has little effect 
on the total cost of operation. 
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Electric sterilizers cost more to operate, depending upon the cost of “standby” 
service for them. This is obviously true, considering that the smallest instrument 
sterilizer is rated at 2200 watts and the largest dressing sterilizer at 12,000 watts. 

Although costing more than steam, the gas and other substituted methods cost 
less than electricity. 


Open and Closed Sterilizers 

In the open type of sterilizer, the articles are immersed in a water bath heated 
by steam coils, the limited temperature being 212 F. With the closed type, there 
is no water bath and the articles are brought into temperatures corresponding 
to steam at 40 to 60 lb pressure per square inch. 

The former type, although in use for a longer time, has the disadvantage of 
depositing lime or other impurities from the water on instruments, sometimes 
requiring them to be dried before storing. 

Better sterilization is provided by the latter and newer type, and articles are 
dry when removed from it. Sterilizers of this kind must be used for dressings 
and fabrics. 


Built-in Sterilizers 

There is a growing tendency to use the built-in sterilizers in operating suites 
and other places where they are installed at one point. Only pressure type steril- 
izers which are loaded and unloaded from one end are adaptable to this arrange- 
ment. With this method, a thin partition is built flush with the sterilizer fronts 
with only the doors, gages and operating valves visible in the rooms, the bodies 
projecting into an unfinished space behind the partition, the latter being accessible 


for repairs. Thus, a better appearance is maintained, the sterilizer is more easily 
kept clean by the elimination of much exposed piping and the operator’s atten- 
tion is less likely to be distracted. 

Although such sterilizers are less expensive in themselves, the cost of parti- 
tion makes the total cost of built-in sterilizers more than for other types, although 
this is not prohibitive. 

Proportioning Equipment 

Requirements in different hospitals vary so widely that it is difficult to state 
just what number and size of sterilizers should be installed. The suggestions 
given herein are for what is considered ordinary conditions. 

One 16-in. by 24-in. dressing sterilizer will care for two major operating 
rooms, possibly three, but for more than two such rooms, it is better to provide a 
16-in. by 36-in. size or, to install two 16-in. by 24-in. sterilizers. When two such 
sets are used, there is provision for breakdown service, and one of them may be 
used as a pressure utensil sterilizer, in some cases, doing away with the necessity 
of installing a separate sterilizer for utensils. 

One 20-in. by 20-in. by 24-in. open type utensil sterilizer will care for two 
major operating rooms unless the work is very heavy, in which case, one such 
sterilizer should be provided for each room. 

A 9-in. by 10-in. by 20-in. open type instrument sterilizer should be provided 
for each major operating room, although one 10-in. by 12-in. by 22-in. may serve 
two such rooms. The 12-in. by 16-in. by 24-in. instrument sterilizer finds its use 
where it is convenient to sterilize from three or more major operating rooms at 
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one place. A 14-in. by 22-in. pressure type instrument sterilizer will easily serve 
two major operating rooms. 

A small hospital might install one 20-in. by 28-in. pressure type dressing 
sterilizer which would serve both for dressings and utensils, although no break- 
down service would be provided. 

Water sterilizers usually consist of twin reservoirs of the same capacity 
mounted on one frame, one being for water kept hot by steam coil in the reser- 
voir, and the other cooled by circulating cold water through a coil in the reser- 
voir. Both, of course, sterilize their contents. 

Water stills are part of the water sterilizing unit, consisting of still and 
reservoir, generally being mounted between the two water reservoirs. 

Water sterilizers are available in sizes from 6- to 100-gal capacity of each 
reservoir and stills in capacities of 1-, 3- and 6-gal reservoir capacity. The total 
capacity of the two reservoirs in the water sterilizer should range between 5 
and 10 gal per major operation per day. 

The 3-gal still would suffice for hospitals up to 100 beds and the 6-gal size 
should be used for larger ones in connection with the water sterilizers. 

Stills of the same capacity are obtainable which are separate from the water 
sterilizers, and they are frequently needed in the maternity department. 

The dressing, instrument and utensil sterilizers are primarily for the major 
operating rooms, and should be in or adjacent to them. Where the operating 
rooms are scattered, all sterilizers with the exception of that used for dressings, 
should be duplicated for each location. Where built-in sterilizers are used, the 
fronts may open directly into the operating rooms, or when a single sterilizer 
installation is used for more than one operating room, it should be located in a 
separate room between them. Uncontrolled sources of heat, however small, should 
be avoided as much as possible in an operating room. In hot countries this is very 
important, for oscillating fans are usually not allowable in such rooms. In each 
minor operating room, such as for eye, ear, nose and throat, and in the dental 
clinic, a small electric sterilizer usually about 5 in. by 6 in. by 16 in. for instru- 
ments should be provided. These are made with brackets for wall mounting. 

In the surgery and maternity departments and at convenient locations to rooms 
and wards, blanket and solution warmers should be placed; these being avail- 
able in sizes about 18 in. by 24 in. by 72 in. and 18 in. by 30 in. by 72 in., simply 
heated and divided into compartments. For wards and rooms they should be 
placed in or near the utility rooms. 

A surgical dressing room may use the equipment of the main sterilizing room 
if adjacent to it, but if this is not possible, separate equipment should be pro- 
vided. A 6-gal water sterilizer, one 8-in. by 9-in. by 18-in. instrument sterilizer 
and a 16-in. by 15-in. by 20-in. utensil sterilizer will usually suffice for a small 
hospital. 

In the laboratory there should be installed an autoclave, which is a dressing 
sterilizer without the jacket, for the wet sterilizing of material. A 16-in. by 24- 
in. size will be large enough for a 100-bed hospital, although two larger sizes are 
available which are 18 in. by 26 in. and 22in. by 30 in. 


Utility Rooms 


These should be provided on each floor and should contain, in addition to com- 
bination sink and tray, one 20-in. by 24-in. utensil sterilizer and one bed-pan 
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sterilizer. Utility rooms serving surgical and maternity patients should also con- 
tain an 8-in. by 9-in. by 18-in. instrument sterilizer and a 10-to 15-gal water 
sterilizer. 


Nursery 


Equipment for pasteurizing milk and sterilizing bottles must be provided in 
the nursery. These may be combined in a small hospital, but in a large one, this 
method is not satisfactory. Pasteurizers can be had in 54-, 72-, 144- and 288- 
bottle capacity, 8-oz nursing bottles. About one hour is required for a cycle, as 
laws frequently require that the pasteurizing process consume 30 min. When 
bottle sterilizing is done separately, a pressure type sterilizer for nursing bot- 
tles is provided. 


Dish Sterilization 


Where there are contagious diseases, dishes may be sterilized in special dish- 
washing machines or, on a small scale, in a 20-in. by 20-in. by 24-in. utensil 
sterilizer. 


Sterilization of Mattresses 


Every hospital should be provided with a mattress sterilized. Although the 
smaller ones may be purchased which are arranged for gas or electric heating, 
mattress sterilizers are practicable only when heated with steam. The large size 
is 36 in. by 48 in. by 84 in., is the most widely used, and may be charged at one 
end and discharged at the other, thus offering the advantage of placing it in a 
partition between two rooms and effecting a complete separation of sterilized 
and unsterilized material. 


Specifying Sterilizers 

Different manufacturers have sizes of sterilizers which are approximately the 
same but not absolutely standardized as to sizes. Hence, it is advisable to give 
such limiting inside dimensions as may apply and minimum capacity in cubic 
inches when specifying sizes. 


Piping for S terilizers 


Steam and return pipe sizes for sterilizers are almost nominal, the amount of 
steam used, being practically negligible when drawn from a central plant for 
heating. A %-in. supply and return connection is ample for any utensil instru- 
ment or dressing sterilizer. Water sterilizers up to 15 gal require 34-in. supply 
and %-in. return; above that size, 1-in. supply and %-in. return. For large mat- 
tress sterilizers, 114-in. supply and %4-in. return connections may be used, while 
water stills up to 6 gal use %4-in. supply and return pipes. 

When sizing the steam and return mains, it may be assumed that all sterilizers 
will be in use at one time in a small hospital and half of them in one which is 
larger. The mains can then be sized by the usual table of equalization of pipe 
sizes found in any handbook. A return main one-half the diameter of the steam 
main, with 14-in. as minimum size may be used. 

It is a uniform practice to provide a thermostatic trap on the return from each 
coil or unit of the same size given above for return connection. The return main 
should be vented and condensation should return by gravity to a vented receiving 
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tank. With the mattress sterilizer located in the basement, a gravity return may 
be impracticable, hence a mechanical trap should be used in such cases, so that 
condensation is lifted to the vented tank with the steam pressure on the sterilizer. 


Steam mains and risers should be dripped and graded in the usual manner. 
Generally all sterilizing equipment, with the exception of the mattress sterilizers, 
that may be in the basement, have steam and return connections from the floor 
or wall, preferably the latter. 


When gas is used, a %4-in. connection is made to each instrument, dressing and 
utensil sterilizer. Water sterilizers up to 15-gal capacity should have 34-in. gas 
line and above that size, 1-in. line. Mains should be sized on an equalization basis 
as explained for steam supply lines, assuming all sterilizers in use in a small hos- 
pital at the same time and half of them in a large hospital. 


Waste and Vent Systems 


All open type sterilizers must have waste connections similar to plumbing fix- 
tures. Traps on these waste lines must be provided in the case of each kind of 
sterilizer except that of the bed-pan. The waste connections are seldom more 
than 3% in. at the fixture, although they are 3 in. for bed-pan sterilizers. Such 
waste should be connected to the drainage system. 


Vent connections are also necessary on such sterilizers in order to do away 
with steam and vapor. These usually take the form of a combined overflow and 
vent, connected into the rear of the chamber near the top. This connection is 
usually carried as one horizontal pipe to a suitable location, as close to the steril- 
izer as possible, where the vent is taken upward as directly as possible to at- 
mosphere, and the overflow and condensation wastes are taken from the bottom 
through a trap, then connected to the waste lines of the plumbing system or con- 
nected to the waste from the body of the sterilizer between trap and sterilizer. 


The usual sizes of combination overflow and vent connections to open steril- 
izers are as follows: utensil 144-in. up to 16 in. by 15-in. by 20-in. size and 2 in. 
for larger sizes; instrument 1% in. for all sizes; milk pasteurizers and sterilizers 
1% in. up to 72-bottle size and 2 in. for those larger; bed-pan sterilizers 2 in. 
Vents to atmosphere are the same size as combination overflow and vent. 

Where practicable, it is well to run the vents from sterilizers through the roof 
separate from other plumbing vent lines and to make them of extra heavy pipe, 
for the large amount of condensation in them often destroys standard weight pip- 
ing in the smaller sizes rather quickly. A 2-in. vent line will carry half dozen 
sterilizers, but in cold climates, it should be at least 4 in. through the roof in 
order to prevent frosting over. 

Care must be taken that the bases of vent lines from such equipment are 
drained through a trap into the waste lines of the plumbing system so that there 
will be no draining back into the sterilizers. 

Closed or pressure type sterilizers require a vent to atmosphere which is con- 
nected to the chamber and provided with a valve. The relief valve, with which 
every closed sterilizer must be provided, is usually connected to this vent line on 
the line side of the valve. These vents are usually 34 in. from each sterilizer. 

Frequently, both open and closed sterilizers of all types, are provided with con- 
denser exhausts, consisting of a special ejector, manipulated by a valve and 
throwing a stream of cold water into the ejector. The condenser exhaust is a part 
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TABLE 1—STeErRILIZER DaTA 


INTERNAL CAPACITY, Pounps oF STEAM PER Watts ReguirRep 
In. STERILIZATION IN WIRING 








Cylindrical dressing sterilizers 





10x 20 
12x20 
14x22 
16 x 24 
16 x 36 
16 x 48 
16 x 60 
20 x 28 
20 x 36 11,304 
20 x 48 15,072 


Rectangular dressing sterilizers 
24x 24x 36 20,736 Approx. 55 Not standard 


24x 24x 48 27,648 Approx. 70 Not standard 
24 x 24x 60 34,560 Approx. 88 Not standard 


Open type utensil sterilizers 
16x 15x20 4,800 30 
20 x 20 x 24 9,600 50 
Open type instrument sterilizers 
8x 9x18 1,296 6 
9x10x20 1,800 8 


10x 12x 22 2,640 10 
12 x 16 x 24 4,608 16 


Water sterilizers. (Steam and watts are for each reservoir. 
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6 gal 
10 gal 
15 gal 
20 gal 
25 gal 
35 gal. 
50 gal 
of the fixture, when used, and generally wastes over an open funnel leading to 
the plumbing system waste through a suitable trap or connected to waste pipe 
from sterilizer chamber between chamber and trap. When separately connected, 
a 1%-in. trap should be used. The purpose of the open funnel is to prevent the 
creation of a pressure on the plumbing system. 

A ¥-in. water supply connection should be made to each sterilizer provided 
with this ejector, and will carry a large number of such ejectors for the opera- 
tion requires only a short time and it is seldom that more than one sterilizer 
will be ejecting at the same time. Any pressure above 25 lb per sq in. will op- 
erate these ejectors, the higher pressure doing the most efficient work and re- 
quiring less water. Cold water only is used. 

Local and state plumbing codes generally have certain requirements regard- 
ing the piping of over-flow, waste and vent connections from sterilizers into 
the plumbing system. Where such codes apply, their requirements should be 
investigated and the work designed accordingly. 

A furred space in the walls behind the fixtures for the pipes and connections 
should usually be provided on account of there being so many connections to 
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sterilizer equipment. Although connections may be made to the floor, for sani- 
tary reasons it is better to make them to the wall. Built-in sterilizers, of course, 
avoid the necessity of having the false partition. In order to facilitate their 
cleaning, it is often advisable to place the traps at the bottom of vents, at 
basement ceiling to make them accessible. 


Sterilizer Data 


Data on sterilizers of various types and sizes are given in the accompany- 
ing Table 1, although it must be remembered that the standards of different 
manufacturers, dimensions of sterilizers and capacity in cubic inches vary. 
In layouts for electric sterilizers, the actual requirements must always be 
investigated, otherwise, much difficulty might result. 


Hydrotherapy Equipment 


This type of equipment is generally considered essential in psychiatric hos- 
pitals and consists of one set of fixtures unless the hospital is very large. In 
the set are included needle shower and rose spray, perineal stool and sitz bath 
with liver spray and one control table. The maximum momentary use of water 
for outfit amounts to about 40 gal of cold water and 20 gal of hot water per 
minute. 


Incinerators 


For the destruction of soiled dressings and other refuse, one of the many 
types of steel or cast-iron garbage burners may be installed near the boiler 


room. Such incinerators are also constructed of brick or masonry. 

With all types a supplementary fire must be maintained whenever the incin- 
erator is in operation. They must be equipped with two separate grates or two 
sections of the same grate, so that refuse to be burned is not mixed with the 
fire maintained. When arranged for heating water, they are quite satisfactory 
for use when refuse is not being burned. 

Incinerators for destruction of garbage in the basement are not recommended. 
The incinerators used in a number of United States public health hospitals, are 
constructed for one ton per day and is preferably used out of doors, but it can 
be made adaptable to nearly any condition. 


When boilers are located in a separate building, the incinerator is frequently 
placed there and so arranged as to be charged from a platform outside the boiler 
house but fired from inside. Thus the care of it is placed in the proper hands, 
and the smoke pipe can be connected to the main chimney, eliminating, in this 
way, the principal objection to locating the incinerator near an inhabited build- 
ing. 


DISCUSSION 


C. G. Binper (WritTEN): The society is to congratulate Mr. Russell for 
the splendid and painstaking paper he has presented. The information contained 
therein will be very helpful to the designing engineer who has occasion to lay 
out laundry, kitchen and hospital equipment. 

There are several points upon which special emphasis should be placed, so 
that the equipment used will give maximum output and work at the highest 
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efficiency. As the equipment considered uses steam, it falls to the lot of the heat- 
ing engineer to make provision for furnishing steam and to remove the conden- 
sation and air from the equipment. 

I have had occasion to do some work in a laundry where a 5-roll flatwork 
ironer was installed, and on which one trap of sufficient capacity was used 
to drain it of condensation. The machine was loaded to its capacity, and 
the management was about to replace it with a 7-roll machine when a sugges- 
tion was made to change the method of draining the condensation. The rec- 
ommendation was to install a thermostatic trap on each of the four chests 
and the last roll which was steam heated. This change being made permitted 
the more rapid and complete air removal which insured the maximum tempera- 
ture within the equipment at all times, and increased the output of the machine 
in goods ironed by 30 per cent. This is merely one example of many that could 
be cited to show the advantages of thermostatic traps when properly applied to 
each coil or unit as was brought out in Mr. Russell’s paper. 

Reference is also made to the location of the supply and return mains. Fre- 
quently installations are made so that the return main is run at the ceiling. The 
author of the paper states that when the return main is at the ceiling it is nec- 
essary to use a mechanical trap. I must take exception to this statement. 
Thermostatic traps which handle automatically both the condensation and air 
are preferable to mechanical traps, irrespective of the location of the return 
main, i. e.: whether below or above the equipment, the only consideration being 
that the static head through which the condensation is lifted must not exceed 
the steam pressure. As in most cases, the steam pressure far exceeds the static 
head of the return above the equipment—this is of little concern. 

It may be of interest to know that it is immaterial where the trap is located, 
i. e.: whether it be near the floor under the equipment, or at the ceiling where 
the return main is run. In either case the results will be entirely satisfactory. 

J. D. Cassett (Written): We are at this time, in Philadelphia, erecting a 
parental school in which nearly all of the subject matter is included, and I did 
think as I was perusing the paper on laundry equipment, that the author had 
omitted one of the most essential pieces of equipment for a laundry, which is a 
water-softener ; but as I went further along, I found he included same, so that 
about passed up laundries. 

Kitchen equipment, as referred to in the paper, is most complete, and being 
so much more extensive than anything we use, I failed to find anything omitted 
that would equip a kitchen completely. 

With reference to the hospital, there I was all at sea and called to my assist- 
ance the Board’s head physician, he in turn bringing with him two doctors 
competent in hospital work and equipment. They in turn went over the paper 
very minutely, and made these few suggestions: 

First, to emphasize the thorough sterilizing of all dishes, both for dining- 
room, sick-rooms, and wards. The author has touched on all of these subjects, 
but they feel he did not make it weighty enough. 

To insure against contamination of sterilized water by inleakage from the 
service water pipe, it was suggested that two stop valves be placed on this pipe 
adjacent to the sterilizer with a drain valve to an open cesspool, so that when 
the feed water is closed off, the drain valve could be open to insure against 
any inleakage. , 
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They recommended that for a tuberculosis hospital, special incinerator be 
provided for sputum cups. Also, that swinging doors for hospital dining-rooms 
should be of the automatic type; either to open or close by electric contact or 
by weight of the person passing through, so that both hands can be used in 
carrying of wares, and the doors open upon the near approach of the parties 
passing through same. 

Operating room doors should be provided with either the same device or an 
arm hook to allow opening without the sterilized hand touching knob. 

A laundry chute should be provided for each ward to avoid carrying soiled 
bed and personal clothing out of the particular ward, these chutes to be lined 
with glazed brick or tile. 

The hospital signal system should be by light rather than sound, these lights 
to be in plain view of head floor nurse. Further, that each bed should have 
one electric push button to summon nurse by the light system, so wired as not 
to be cut off by the nurse, only at the bed of the patient; and also registered 
on a board within the range of the head nurse. 


An additional electric socket should be provided to attach electric pad, and 
one socket provided to attach radio for head phones. A three-wire electro- 
cardiograph outlet should be installed in each ward from the cardiac room, so 
located that if the run to the furthermost bed were too great, any bed might be 
wheeled in place to the outlet. 

Ample forced ventilation should be provided, including large warm air inlet 
ducts, to clear vapor in the main sterilizing room. In each ward there should 
be provided a small warmed wall closet for keeping laboratory specimens at 
bodily temperature until ready to be removed to the laboratories. 


A separate inclosure should be provided in the maternity ward, constructed 
of glass to within three feet of the door for general observation purposes. This 
room to be heated to a temperature between 85 and 95 F with a heated closet 
for warming blankets, to be of ample size to be used not only for taking care 
of new born babies, baths, etc., but also those of premature birth. 


While most of these latter subjects I have referred to, were not intended to 
be touched on by the author of the paper, our doctors thought them of enough 
importance to be included, or at least mentioned along with the paper. 


I wish to congratulate Mr. Russell on what I consider a very worth-while 
contribution to this meeting, as his efforts are not only a paper but rather a 
compilation from which any engineer could most readily form a specification. 


A. S. KeLtocc (Writren): It is a pleasure to review Mr. Russell’s paper, 
constituting as it does, a distinctly valuable contribution to the files of the busy 
heating engineer who may at times be called upon to take into consideration 
such equipment as is here described; to clearly understand its proper functions 
and to properly locate and connect it for use. 


Such remarks as are here made must not be construed as in any sense critical, 
but are intended to amplify the paper. 


Under Proportioning Equipment, is there not a present tendency to get away 
from the small washer installations into sizes where a greater amount of work 
may be turned out at a relatively lower equipment cost and of greatly increased 
capacity? To be sure, one small machine is needed, but instead of a number of 
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small washers as were generally found in the flat work laundry, economic con- 
siderations are dictating a change to larger equipment. 

As to Washing Machines, I hold that the wood washer has no place in the 
modern hospital or institution laundry, no matter how small the plant. Wood 
at its best is porous, and after a few years use seams and cracks offer oppor- 
tunity for an unsanitary condition, and today aseptic rather than antiseptic con- 
ditions are recognized as of paramount importance. This is not generally afforded 
by the wood washer. The all-metal washer, preferably of monel metal, is com- 
ing more generally into use and rightfully so. 

Is there not a printer’s mistake in that paragraph relating to washer capacity ? 
Surely the modern washer will average day in and day out a capacity at least 
double that stated, and the larger machines will quite easily take care of 5 lb 
of dry laundry per cubic foot per hour cycle. 

In the past many mistakes have been made in installing too small flat work 
ironers, resulting in the slowing up of laundry capacity, with a greater amount 
of labor and expense for steam. Personally, I do not recommend ironers of 
less than 100 in. width having six rolls and a steam pressure of from 90 to 
100 Ib at the machine. 

The modern Dry Tumbler is rapidly replacing the drying room of the truck 
and conveyor types in the strictly flat work laundry. Of course, where there 
is much starched work, collars, etc., to be. handled, there the well-known dry- 
room has a rightful place. 

The dry tumbler will leave blankets in a much better condition than the flat 
work ironer or dryroom, and it is also the writer’s experience that the modern 
machine will not require in excess of 400 Ib of steam per hour. 

As to water, steam and power requirements, the paper well emphasizes the 
need of a generous supply of each. Except in those hospitals where it is in- 
sisted upon that the washers be brought to a boil for sterilizing reasons, the 
open end steam pipe, uncontrollable as it is, is to be avoided. It is much better 
for washing purposes that reliance be placed upon a generous supply of hot 
water. By so doing, marked economy in plant operation will result. 

The following schedule of steam, water and power needs in hospitals will 
not fall outside good practice: 

Washers 2 to 8 hp 


Washers, cold water 100-gal per 100 Ib dry laundry 
Washers, hot water, 300-gal per 100 lb dry laundry 


Extractors 2 to 10 hp 
Tumblers 3 to 10 hp 
Tumblers, 275 to 400 lb steam per hour 
Flat Work Ironer 1 to 5 hp 
Electric Irons 500 to 1000 watts 


One also cannot be too generous in his demand factor. 

it will not be amiss to mention the possibility of reclaiming a good portion 
of the heat from the waste from the washers by the installation of a proper 
heat exchanger. A marked economy in plant operation will result from so 
doing. 

A new development in washer and extractor design should interest the very 
large hospital or institution. 
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It consists of what may be styled a super-washer, which by an appropriate 
power mechanism automatically dumps the load into the 3-part removable basket 
of the extractor. After the extraction process is completed the load is dumped 
as a whole onto the sorting table. 

In addition to the washer and extractor, a small electric hoist and overhead 
track of simple design covers the needs of the installation. 

Kitchen Equipment. I do not know of any equipment so flexible in meeting 
demands that may be made upon it as kitchen equipment. 

The ventilation of some kitchens, however, may at times present a real prob- 
lem. It is not at all unusual to require a change of air of once a minute, where 
cross ventilation of the room is impossible. It is desirable to remove all the air 
through the hood of the range or through several hoods if such there be. 

The two precautions are, to see that the cooks cap is well anchored in place, 
and that free swinging doors are provided to the serving room and grill or 
dining room for the free ingress of the required air supply. 

The fan power may run up to 50 hp or more in many cases. 

Hospital Equipment. The section is excellently written. Here, however, 
the whims of the hospital staff of physicians or the superintendent may be ex- 
pected to assume full tempermental sway, sometimes with unsatisfactory results. 

May I suggest one other piece of equipment to round out the list? That is, 
the oil instrument sterilizer in which oil of Alboline grade is used. This should 
be heated to 300 F, which temperature is considered necessary for destroying 
spores. That is just a new one to be-devil humanity. 

Needless to say that the oil bath should be provided with an automatically 
controlled electric unit. Those I have so far seen in use require 1000 watts, 
and as there is practically no evaporation from the surface of the oil, the danger 
of burning out the element is remote. 

E. B. Royer (Written): This paper contains much valuable information 
often desired but very difficult to obtain and is greatly appreciated by consulting 
engineers and others who are called on to specify the mechanical equipment of 
hospitals and institutions. 

As the data contained will be used so widely and will no doubt be reprinted 
in THe GuIDE next year, any general statement which might lead a fellow 
engineer into trouble should be qualified. I am, therefore, offering the fol- 
lowing: 

In the section referring to steam pressures for kitchen equipment, the paper 
states that “not less than 30 Ib gage and not over 50 lb are the usual pressure 
limits for steam cooking” and that “all jacketed pots have safety valves usually 
set at 50 lb.” This setting of the safety valve at 50 lb was true for the tin-lined 
copper-jacketed kettle formerly used almost exclusively but the aluminum steam- 
jacketed kettles now more commonly used, partly on account of their lower cost, 
are designed for but 40 Ib pressure. Quoting from the catalogue of one of the 
leading manufacturers, their aluminum steam-jacketed kettles are “designed to 
carry not over 40 lb but can be used on much less. In case more than 40 Ib is 
carried on supply lines, a reducing valve should be used.” Similar data appear 
in the catalogue of other manufacturers. 

Properly designed kitchen equipment (with a very few exceptions such as 
possibly oyster stewers) can be operated satisfactorily on pressures as low as 
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12-15 lb obtained from the standard, highly efficient, cast-iron sectional gas-fired 
boiler. This has been demonstrated by the use of these pressures repeatedly in 
several chains of well-known restaurants with good results. 

It, therefore, appears that in future reprints of this paper and later editions 
of Tue Gurpe, 40 Ib should be specified as the safe, usual upper limit for steam 
pressures for kitchen equipment in general unless regular aluminum steam 
jacketed kettles are avoided. 
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INVESTIGATION OF HEATING ROOMS WITH 
DIRECT STEAM RADIATORS EQUIPPED 
WITH ENCLOSURES AND SHIELDS 


By A. C. Wittarp* (Member), A. P. Kratz? (Member), M. K. FAnNnestocx* 
(Non-Member) anv S. Konzo* (Non-Member) 


Urpana, ILL. 


INTRODUCTION 


investigation which is being conducted by the Engineering Experiment 

Station of the University of Illinois, of which M. S. Ketchum, Dean of 
the College of Engineering, is Director, in cooperation with the National Boiler 
and Radiator Manufacturers’ Association and the Illinois Master Plumbers’ 
Association, under the supervision of A. C. Willard, professor of heating and 
ventilation and head of the department of Mechanical Engineering. This paper 
constitutes a partial summary of results which are to be presented in complete 
form as Engineering Experiment Station Bulletin No. 192 entitled Investigation 
of Heating Rooms with Direct Steam Radiators Equipped with Enclosures and 
Shields. 

The results presented in this bulletin are based upon the work done since 
the publication of Bulletin No. 169 entitled Effect of Enclosures on Direct Steam 
Radiator Performance, in which were reported the results of the first year’s 
work under this agreement. 


Object of Investigation. The immediate object of the test reported in part 
in this paper was to determine the effect of various types of present-day com- 
mercial radiator enclosures, shields and covers on the heating effect produced 
and the steam condensed by a direct cast-iron radiator placed in an actual room 
subjected to zero weather conditions. 


Scope of Investigation. The effect of an enclosure, shield or cover upon the 


ge - data presented in this paper were obtained in connection with an 


1 Professor of Heating and Ventilation and Head of Department of Mechanical Engineering, 
University of Illinois. 

2 Research Professor in Mechanical Engineering, University of Illinois. 

® Special Research Associate in Mechanical Engineering, University of Illinois. 

4 Research Graduate Assistant in Mechanical Engineering, University of Illinois. 

Presented at the Annual Meeting of the American Socisty oF HEaTING AND VENTILATING 
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heating effect produced in a room and the steam condensing capacity of a radi- 
ator depends upon many factors. The tests made in connection with the present 
investigation were planned to determine the influence of all of the factors 
which enter into this problem in the case of various commercial radiator en- 
closures and shields. In conjunction with the work on enclosures and shields, 
tests were run on an unenclosed radiator, a variety of cloth covers and a special 
shielded radiator. 

In order to provide for all the factors affecting the performance of bare, en- 
closed and shielded radiators, actual rooms with typical outside walls, windows 
and doors, and located in a specially constructed low temperature testing plant 
for maintaining constant outside temperatures of zero or less were used. In 
such a plant, it was possible to place the radiator in the actual environment 
existing in practice, and investigate not only the heat emission of the radiator 
itself, but also the heating effect produced in the room as well. The intelligent 
design and selection of radiators and enclosures depends fully as much on the 
effect produced in the room as on the conventional heat emission factor so gen- 
erally taken as the sole criterion of excellence in the past. 


The investigation which is reported in part in this paper is an elaborate ex- 
tension of the previous investigation in this field, the results of which were pub- 
lished in Bulletin No. 169°. The latter investigation was confined strictly to the 
heat emission or steam condensing capacity of bare and enclosed radiators 
under the usual laboratory conditions. The correlation of the results of that 
investigation with this investigation is entirely satisfactory. 


DESCRIPTION OF APPARATUS 


Description of Low Temperature Testing Plant. The plant is designed spe- 
cifically for the purpose of accurately studying direct steam and hot water 
heating problems, including those phases of building construction and insula- 
tion which are of special interest to the heating contractor and engineer, as 
well as the building owner and manufacturer of heating equipment, under con- 
ditions approaching, as nearly as possible, those found in actual practice. 

The general arrangement of the plant is shown in Figs. 1 and 2. The main 
portion of the plant, consisting of the cold room, the two test rooms with their 
respective attics and basements, and the refrigerating coils, is located on the 
upper floor of the Mechanical Engineering Laboratory. The auxiliary equip- 
ment including the refrigerating apparatus, with the exception of the coils, the 


8T he two cooperating associations have been represented since the publication of the first 
bulletin by an advisory committee, the membership of which is as_ follows: 

&. Ay Brownell, Chairman, representing the Jilinois Master Plumbers’ Association, Cham- 
paign, 
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Cc. 
oa Til. 
. B idua, representing the National Boiler and Radiator Manufacturers’ Association, 
Chicago, 
R, em representing the National Boiler and Radiator Manufacturers’ Association, Terre 
Haute, In 
F. W. Herendeen, representing the National Boiler and Radiator Manufacturers’ Association, 
Gm N. 
Prentice, representing the Steam Specialties Manufacturers, Chicago, Il. 
4 S. Ashenhurst, cepoeneeing, the Insulation Manufacturers, Ge Th. 
W. H. O’Brien, senveceens. Oh ec Lumber Industries, Chicago, I 
gouare mest, representing the Heating Contractors, Quincy. ml. 
> representing the Heating Contractors, ag in. 
oe representing the Heating Contractors, R ock Island, Til. 
p a FE ” Powers, representing the Heating Contractors, Sctingheld. Til. 


i 
| 
| 
1 
| 
| 
| 
4 




















80 TRANsActTions AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


thermocouple switchboard and the steam control and weighing apparatus, is lo- 
cated on the lower floor of the laboratory. 
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Fic. 2. Exevation Section or Low TEMPERATURE TESTING PLANT 


The Test Rooms. Figs. 1 and 2 show the arrangement of the two test rooms 
which are identical in construction, each one having two walls exposed to the 
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air in the cold space in which the refrigerating coils are located. The cross- 
hatched walls in Figs. 1 and 2 are composed of corkboard. The two exposed 
walls of both test rooms, indicated by light lines, can be removed and replaced 
with any desired wall construction without disturbing the floors or ceilings. As 
shown in these figures, the insulated walls of the cold room form the two remain- 
ing walls of each of the test rooms. Both test rooms are identical in every 
detail, being 9 ft x 11 ft with 9-ft ceiling heights. The exposed walls at the 
present time (Fig. 2a) are standard frame construction, consisting of 5-in. 
redwood siding, building paper, 34-in. tongue and groove yellow pine sheathing, 
2 x 4 yellow pine studding, and %-in. wood lath with %-in. gypsum plas- 
ter. The ceilings are made of %-in. wood lath and %-in. gypsum plaster, 
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Fic. 2a. TypicAL TEMPERATURE GRADIENT THROUGH 
NortH WALL or West Test Room, Test R-9 


with no flooring in the attics. The floors are of standard 2%-in. x ™g¢-in. 
standard yellow pine flooring over building paper placed on 3%4-in. thick tongue 
and groove sub-floors. 

Fig. 4 shows the inside of both test rooms, with radiators in front of the 
windows, which are placed in exposed walls as shown in Figs. 1 and 2. Each 
test room has one double window 4 ft 6 in. x 5 ft overall. The window stools 
are 34 in. high, making it possible to test radiators with a height up to 32 in. 
The windows are fitted with shades and curtains as shown in Figs. 4 and 7. 
Figs. 1 and 4 show the locations of standard 134-in. thick yellow pine doors, 
3 ft x 7 ft, with glass upper panels. These doors lead directly from the test 
rooms into the cold space. 

Fig. 2 shows the attics and basements located above and below each of the 
test rooms. These attics and basements are for the purpose of exposing the 
ceilings and floors of the test rooms to air of any desired temperature. The 
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attics were formed by building the ceilings of the test rooms about 3 ft 10 in. 
below the ceiling of the cold room, and the basements were made by building the 
floors of the test rooms about 2 ft 8 in. above the floor of the cold room. The 
exposed walls of the attics and basements are composed of 2 layers of 2-in. 
corkboard, and are equipped with refrigerator doors as shown in Fig. 5. Each 
wall contains one door, located as shown in Fig. 1, which opens directly into the 





Fic. 3. Ovutsipe or Cotp Room, SHow1nGc RHEOSTATS, RECORDING 
INSTRUMENTS AND AUTOMATIC EXPANSION VALVE 


cold area, and which may be adjusted to obtain any desired amount of opening. 
Each attic and basement is equipped with electric heaters, as shown in Fig. 2, 
consisting of shaded electric light bulbs, so placed that the heat is evenly dis- 
tributed over the total floor and ceiling surfaces and shielded in order to prevent 
the floors and ceilings from receiving heat by direct radiation. The voltage to 
each group of heaters in each attic and basement is separately controlled by 
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rheostats conveniently located outside of the cold room, as shown in Figs. 1 and 
3. These heaters, so arranged and controlled, when used in conjunction with 
the refrigerator doors give a very flexible and sensitive method of controlling 
the temperatures in the attics and basements. 

The Cold Room. In order that two walls of the test rooms might be exposed 
to conditions corresponding to those prevailing during the heating season, it 
was necessary to enclose the test rooms in a cool space in which the temperature 
and wind movement could be controlled. This makes it possible to run tests at 
any time of the year under exactly similar conditions. Fig. 3 shows the outside 
of the cold room, which is 16 ft x 27 ft 4 in. x 16 ft 11 in. in height. Figs. 1 and 





Fic. 4. INnsme View or Botn Test Rooms 


2 show the construction details. The walls consist of 2 layers of 3-in corkboard, 
with % in. of cement mortar between them, and % in. of cement plaster on 
the inner and outer surfaces. The ceiling is made of 2 layers of 3-in. corkboard 
laid in hot asphalt on a 34-in. wood deck which is supported independently frorr: 
the walls of the room. The floor consists of 4 in. of concrete laid on 6 in. of 
corkboard, which in turn is laid on the 10-in. concrete floor of the laboratory. 
Entrance to the cold room is through either test room as shown in Fig. 1. The 
doors, leading from the laboratory into the test rooms, are of the heavy refrig- 
erator type as shown in Fig. 3. Two refrigerator windows, having four sepa- 
rate sheets of glass and three air spaces in each, are located in the north wall as 
shown in Figs. 1 and 3. 
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Wind movement in the refrigerated space is obtained by means of three 16-in., 
specially built, oscillating fans located as shown in Figs. 1 and 2. 

Refrigerating Apparatus. The plant is designed for an operating tempera- 
ature of zero deg F in the cold room when the temperature at the breathing line 
in the test rooms is 70 F. This temperature in the cold space is maintained by 





Fic. 5. Rerricerator Doors OpeENING INTO BASEMENT UNDER 
Born Test Rooms 


means of a 5-ton direct expansion ammonia refrigerating unit of the compressor 
type, located in the basement of the laboratory, as shown in Fig. 2. The com- 
pressor, which is motor driven and automatically controlled by a thermostat 
placed in the cold room, is shown in Fig. 6 together with the ammonia con- 
denser and receiver. The ammonia is expanded through an automatic expan- 
sion valve directly into the coils shown in Figs. 1 and 2. These coils are special 
cast-iron refrigerating sections having a total area of 1440 sq ft. A baffle, shown 
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in Figs. 1 and 2, was erected between the coils and the test rooms for the purpose 
of increasing the air circulation over the coils and to shield the walls and win- 
dows of the test rooms from direct radiation. 

Recording Instruments and Thermocouples. The type of test conducted in 
this plant necessitates the accurate duplication and maintenance of conditions 
over comparatively long periods of time. 

The selection and installation of apparatus, therefore, had to be based on con- 
siderations relative to the adaptability for controlling conditions as well as to 
accuracy of observations. 


Figs. 1, 2 and 3 show the location of the recording instruments which were 


A A ER PH 





Fic. 6. REFRIGERATING APPARATUS, INCLUDING THE AMMONIA COMPRESSOR, 
THE CONDENSER AND RECEIVER 


installed for the purpose of control. Each test room, and the cold room, have 
separate instruments and instrument panels. Fig. 7 shows the inside of one of 
the test rooms with the standard in the center of the room supporting the 
recording instrument bulbs and thermocouples. Three of these bulbs are located 
in each of the test rooms; one 3 in. above the floor, one at the breathing line 
and one 3 in. below the ceiling. In the corner of the test room, Fig. 7, may be 
seen leads going to the recording instrument bulbs in the attic and basement. 
One bulb is located in the center of each attic and basement, 3 in. above the 
ceiling and 3 in. below the floor. Fig. 2 shows the location of the three record- 
ing instrument bulbs in the cold room, each of which is placed at a height corre- 
sponding to the breathing level of the test rooms. 
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Fig. 7 also shows the apparatus used for generating fumes and making studies 
of the air circulation in the test rooms. It consists of a portable standard, sup- 
porting three pairs of concentric glass dishes which contain ammonium hydrox- 
ide and hydrochloric acid. The vapors from these two chemicals, when allowed 
to mix, form dense white fumes of ammonium chloride. The clamps and plat- 
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Fic. 7. Insmpe or East Test Room SuHowinc SmMoKE Stupy 
APPARATUS AND STANDARD SupporTING RecorpInNc INSTRUMENT 
Bugs 


forms holding the glass dishes may be adjusted on the standard in order to 
place the dishes at any desired level. 

The plant is equipped with a complete thermocouple system for the purpose 
of observing both air and surface temperatures. The use of thermocouples 
makes it possible to obtain the necessary temperature data without entering the 
rooms or otherwise disturbing the test conditions. They also make it possible 
to observe surface temperatures and certain air temperatures which could not 
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be obtained accurately by means of thermometers. The thermocouples are made 
of No. 22 B. & S., double cotton covered copper and constantan wire. The leads 
from all the couples are formed into cables and connected to the switchboard 
shown in Fig. 8, which is located on the lower floor of the laboratory directly 
beneath the cold room. Fig. 7 shows one of the standards supporting six 
thermocouples, used in determining air temperatures at six different elevations 
in the center of the test rooms. The height at which each one of these thermo- 
couples is located is shown in Fig. 2. 









































Figs. 1 and 2 show the location of thermocouples by means of which the tem- 
perature gradients through the walls, floor and ceiling of the west test room 
were determined. These figures also show the thermocouples used in determin- 
ing the temperature of the inside and outside surfaces of the wall back of the 
radiator, and the thermocouples located at each recording instrument bulb for 
the purpose of checking and adjusting these instruments. All thermocouples 
for observing surface temperatures had the junctions, and approximately 4 in. 
of the leads on both sides of the junctions, embedded in the surfaces. The wires 
were placed in a deep scratch in the surface, and were sealed into the surface 
itself by means of plaster of Paris in the case of plaster surfaces, and shellac in 
the case of wood surfaces. The wires were then filed flush with the surface and 
thus became an integral part of it. 


The Weighing System. The condensate weighing system, and the method 
of regulating the pressure of the steam in the radiators or heating units in the 
test rooms, is similar to that used in the tests published in Engineering Experi- 
ment Station Bulletin 169. As shown in Fig. 2, the piping, separator, receiver, 
weighing tank and scales are placed in the basement of the laboratory directly 
beneath the test rooms. Each test room is piped separately and is fully equipped 
to be operated independently of the other one. Separators are used to remove 
all entrained moisture from the steam, and mercury manometers are used to 
indicate the steam pressure. The temperature of the steam is observed by means 
of thermocouples just before it enters the radiator. Glass sections, 1%¢-in. 
inside diameter, are installed in the 114-in. vertical risers to the lower tappings 
of the radiators. The condensate leaves the radiators through these same con- 
nections, and is collected in receivers having gage columns. The weighing 
tanks are connected through water seals to the receivers, and the minimum 
subdivisions of the scales used for weighing the condensate is 0.01 lb. The 
separators, receivers and piping are all heavily lagged, and the glass sections 
in the vertical risers are enclosed in triangular glass observation boxes for pro- 
tection and prevention of heat loss. See chapter on Test Methods for calibration 
and corrections for all piping losses. Each radiator is equipped with a \%-in. 
pipe leading from the tapping for the lower air vent on the last section to the 
lower floor of the laboratory, where the amount of venting is controlled by 
means of hand-operated gate valves. 


Description of Unenclosed Radiators. The unenclosed radiators used for the 
tests included in this paper were 6-section, 26-in., 5-tube, cast iron radiators 
having rated areas of 21 sq ft. The surfaces were brushed and painted (not 
dipped) with two coats of flat black paint. Fig. 9 shows one of these radiators 
located under the curtained window with a space of 2% in. between the back 
of the radiator and the plaster surface of the exposed walls. 
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Fic. 8. THe THERMOCOUPLE SWITCHBOARD WITH A PRESENT CAPACITY FOR 
122 THERMOCOUPLES 
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Fic. 9. UNENCLOSED RaApIATOR 














INVESTIGATION OF HEATING Rooms, WILLARD, Kratz, FAHNESTOCK AND Konzo 89 


Descriptions of Enclosures. Figs. 10 to 13 show the enclosures, covers and 
shields tested. In all tables, and in the text, each piece of apparatus tested, 
whether it is an ordinary enclosure or a cloth shield, is designated as an enclo- 
sure. In order to differentiate between them and to simplify the presentation 
and discussion of results, each enclosure is numbered as shown in the figures. 

Enclosure No. 1, shown in Fig. 12, is a common commercial type of metal 
shield. 

Enclosures Nos. 3, 10 and 11, shown in Figs. 10 and 11, are commercial metal 
enclosures of different types. It should be noted, that the clearance between the 
top of the radiator and the bottom of the humidifying pan is practically the 
same in each case. The inside widths and lengths of these various enclosures 
vary a small amount. 

Enclosure No. 4, shown in Fig. 13, is a crash cloth cover fitted over the top 
of the radiator. 


Discussion oF TEstT METHODS AND RESULTS 


Limiting Conditions for Tests. All tests were run under conditions approxi- 
mating those found in typical rooms in residences, with two walls exposed to 
an outdoor temperature slightly below zero and with some wind movement over 
one wall. The motor-driven ammonia compressor was thermostatically con- 
trolled, and the temperature in the refrigerated space at a level corresponding to 
the breathing level in the rooms was automatically maintained at approximately 
—1.5 F. 

The temperatures in the air spaces above the ceilings and below the floors of 
the test rooms were regulated by means of electric heaters and rheostats under 
manual control. These heaters were shielded in order to minimize the effect of 
direct radiation on the surfaces of the floors and ceilings. The temperature of 
the air 3 in. above the ceilings was maintained at approximately 62 F, while 
that 3 in. below the floors was maintained about 2 F higher than the tempera- 
ture of the air 3 in. above the floors. In certain cases, temperatures in actual 
attic spaces may be somewhat lower and temperatures immediately under the 
floors may be somewhat higher, but the conditions selected correspond very 
closely with those found with a well-constructed roof and unfloored attic, and 
with a well-insulated heating plant, where the basement temperature is approxi- 
mately 60 F. 

The amount of standard 5-tube radiation required to maintain a temperature 
of 70 F at the breathing level, or 5 ft above the floor under the conditions out- 
lined, was determined by trial from preliminary runs. This amount proved to 
be 21 sq ft for the bare radiator, and remained unchanged for all of the tests. 
The various enclosures, shields and covers were made to fit this radiator, and 
the performance of the bare radiator was used as the basis for comparison. 
When enclosures, shields or covers were installed, no other changes were made 
in the plant or in the temperature conditions external to the rooms. In case an 
enclosure was equipped with a humidifying pan, the pan was retained in its 
proper location but no water was used. The temperatures at the various levels 
within the rooms were allowed to attain equilibrium conditions inherent with 
the type of apparatus being tested, and comparisons of the performance were 
all made on the basis of steam condensation in conjunction with the temperature 
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Fie. 10. Enctosure No. 3 
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Fic, 11, Enctosure No. 10 
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conditions produced within the rooms as determined at six different levels, See 
Figs. 1 and 2. 


Temperature Measurements. The temperature of the air in the rooms was 
observed by means of thermocouples placed at six different levels on the central 
vertical axis of the rooms. These couples were of No. 22 B. & S. gage wire 
and were unshielded. Preliminary work with shielded and unshielded couples 
proved that no correction for radiation was necessary for the couples above the 
breathing level, and that the maximum correction for any couple below the 
breathing level was less than 0.5 F. Hence the readings of the unshielded cou- 
ples are considered as indicative of the actual air temperatures. Temperatures 
of the outside and inside surfaces of the walls were obtained by means of 6 
thermocouples (Figs. 1 and 2) embedded in the surfaces. Similar temperatures 
of the upper and lower surfaces of the floor and ceiling were obtained at four 
different points (Figs. 1 and 2) on each surface. 


Operation of Plant. Both rooms were operated simultaneously, and in every 
case check runs were made with the same enclosure, first in one room and then 
in the other. These check runs proved that the performance, both of the rooms 
themselves and of the apparatus in the rooms, was practically identical. For 
this reason, it has not been considered necessary to report the results of the 
duplicate tests. No attempt was made to have the doors and windows tighter 
than what could be considered fair average construction, and the amount of 
infiltration of cold air into the rooms appeared to be normal for the wind move- 
ment and temperatures existing. 


In every case, the plant was operated with the rooms under heat and with 
the fans in the cold room running for a preliminary period of sufficient length 
to allow all conditions to attain a state of equilibrium. This state was indicated 
when the temperatures of the walls, floors and ceilings, as determined by the 
readings of the surface thermocouples had become constant, and the temperature 
of the air in the refrigerated space, and in the spaces below the floors and above 
the ceilings had remained constant for several hours. No air was allowed to 
accumulate in the radiators during the preliminary period or during a test. When 
equilibrium had been attained, the condensation from the radiators was weighed 
at 10-min intervals, and no test was accepted that showed a variation of more 
than 2% per cent in the successive increments of weight. A thermocouple on 
the surface of the radiator, at the point where air accumulation would first occur, 
gave an immediate indication if there was any tendency for air to accumulate 
during a test. The tests were of sufficient length to prove that all conditions 
had remained constant, and were discontinued at the first indication that any 
air had accumulated in the radiator. The condensation was corrected for water 
condensed in risers and piping. This correction was determined from prelim- 
inary tests, and, since all piping was heavily lagged with hair felt, was ex- 
tremely small. 

The results of all tests here reported are given by means of the curves in Figs. 
14 to 17. A discussion of these curves may be found under the corresponding 
section headings. 


Tests oF Bare Raprators 
Results of Performance Tests. Several tests were run with two identical 
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bare radiators (Fig. 9) operated simultaneously in the two rooms. Other tests 
were run with a bare radiator in one room and an enclosed radiator in the 
other room. In all cases, the net steam condensed by the bare radiator per hour 
and the temperature gradients in the rooms in which the bare radiator was 
used were practically identical, provided that the control conditions were the 
same. Accordingly, a single curve was selected to represent the performance 
of the bare radiator in each room, and this curve has been reproduced in each 
set of curves in Figs. 14-17 corresponding to the room in which the tests were 
run in order to serve as a basis for comparison for the performance of the 
enclosed radiators. From these curves it may be noted that when an air tem- 
perature of 69.4 F was maintained at the breathing level in the West test room, 
and a steam temperature of 216.5 F was maintained in the bare raditor, the 
net weight of steam condensed per hour was 5.44 lb. Under these conditions, the 
temperature of the air 3 in. above the floor was 54.3 F and that 3 in. below 
the ceiling was 76.1 F, or a difference of 21.8 F. A fairly uniform temperature 
gradient in the air from floor to ceiling was obtained. With 69.4 F at the 
breathing level the whole zone below the breathing level, which may be regarded 
as the living zone, was too cool for satisfactory comfort. The high temperature 
at the ceiling resulted in an excessive heat loss through the ceiling itself. 


Radiator Rating. The catalog rating for the type of bare radiator used, based 
on the Engineering Standard® of 240 Btu emission per square foot per hour with 
steam at 215 F in the radiator and air at 70 F surrounding it, was 21 sq ft. The 
actual superficial area of the radiator by measurement was 19.3 sq ft. The total 
heat emission under the test conditions, based on steam at 216.5 F in the radiator 
and a temperature of 69.4 F at the breathing level, was 5.44 x 969.1 = 5270 
Btu per hour. Hence, the total heat emission under standard rating conditions 


(215—70)** 
would be 5270 (2165694) 


mined from these tests should be 





= 5180 Btu per hour, and the rating as deter- 
5180 
240 
Standard as compared to 21.0 sq ft given as the catalog rating. Therefore, the 
catalog rating is approximately correct if the radiator is used in a room with 


an air temperature of 70 F at the breathing level, and a ‘steam temperature of 
215 F. 





= 21.6 sq ft based on the Engineering 





Let K = the coefficient of heat transmission in Btu per sq ft per deg fahr 
difference in temperature between steam and air per hour. Then . 
5180 at al - 
a = = 1.85 for the standard conditions based on 


19.3(215—70) 


measured surface. 


TESTS WITH ENCLOSURES 


Introduction. The results of tests with two characteristic types of commer- 
cial enclosures are shown in Figs. 14 and 15. The corresponding types are 
shown in Figs, 10 and 11. 


In comparing the performance of the enclosed or shielded radiators with that 
buy ¢ JouRNAL or AMERICAN Society OF HEATING AND VENTILATING Encinegers, Vol. 33, No, 3, 
March, 1927. 
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Fic. 14. Room TEMPERATURE GRADIENT AND STEAM COoN- 
DENSING RaTE FoR RapIATOR WITH EnNcLosure No. 3. 
Type SHOowN IN Fic. 10 


of the bare radiator, several factors in conjunction must be taken into consider- 
ation. These are: (1) the effect on the temperature at the breathing level, (2) 
the effect on the temperature at the ceiling, or the difference in temperature be- 
tween the floor and ceiling, (3) the effect on the mean temperature in the living 
zone, or the zone below the breathing level, (4) the relative steam conden- 
sation per hour. In general, an enclosure may be regarded as better than the 
bare radiator if (1) a breathing level temperature within 1 F above or below 
69.4 F was maintained, (2) if the temperature at the ceiling was lowered, (3) 
if the floor temperature was maintained equal or raised, (4) if the mean tem- 
perature in the living zone was raised and (5) if the steam condensation was 
the same as, or less than, that of the bare radiator. 


REsuLTs oF TESTS 
Fig. 14 indicates that enclosure No. 3 shown in Fig. 10, as compared to the 
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bare radiator, maintained the same breathing level temperature, lower ceiling 
temperature, higher floor temperature and materially higher temperature in 
the living zone. The steam condensation was also materially less than that for 
the bare radiator. This enclosure was unquestionably superior to the bare radi- 
ator both from the standpoint of air temperature conditions in the room and of 
steam economy. 

Fig. 15 shows the results obtained with enclosures Nos. 10 and 11. These en- 
closures were both of the same type, as shown in Fig. 11, except that No. 10 
fitted the radiator snugly while No. 11 had relatively large side clearance. The 
performance of this type of enclosure was far from satisfactory. The steam 
condensation was very much reduced over that of the bare radiator. This re- 


Temperature - Deg. Fate 









-/ 6 
Height Above Floor - Feet 
Fic. 16. Room TEMPERATURE GRADIENT AND STEAM 
ConDENSING Rate FoR RADIATOR WITH ENctLosure No. 1. 
Type SHOWN IN Fic. 12 


duction can in no sense be regarded as an economy, however, because the en- 
closed radiator failed to heat the room. All of the air temperatures in the room 
were from 4 to 5 F lower than those obtained with the bare radiator. This 
condition is particularly objectionable near the floor and in the living zone 
as shown by the air temperatures in this zone. The results with the snugly 
fitting enclosure were slightly better than those for the one with large side clear- 
ance. This seems to indicate that on the whole large clearances are undesirable. 


Tests WiTH METAL AND CLOTH SHIELDS 


Metal Shield. The metal shield tested has been designated as enclosure No. 
1, and the type is shown in Fig. 12. The results of the tests on this shield are 
shown in Fig. 16, from which it is evident that the use of the shield resulted 
in a lower temperature at the ceiling than that obtained with the bare radiator. 
The temperature at the floor was the same as, and the mean temperature below 
the breathing level was slightly higher than the corresponding temperatures for 
the bare radiator. The net steam condensation was less than that for the bare 
radiator. This shield, therefore, was more advantageous than the bare radiator 
in that it produced more satisfactory air temperature conditions accompanied 
by greater steam economy. 
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Cloth Covers. Tests were run with one type of cloth cover completely en- 
closing the upper part of the radiator. This cover is shown as enclosure No. 4 
in Fig. 13. The results are indicated in Fig. 17. This cover reduced the steam 
condensation materially, and produced entirely unsatisfactory air temperature 
conditions in the room. The cover reduced the breathing level temperature to 





be Q / 
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Fic. 17. Room TEMPERATURE GRADIENT AND STEAM 
CONDENSING RATE FoR RADIATOR WITH ENcLosuRE No. 
Type SHowN IN Fic. 13 


66.4 F. Corresponding reductions in the mean temperatures below the breath- 
ing level and in the temperatures at the floor were also observed. This cover 
had nothing to recommend it, and its use may be é¢xpected to result in under- 
heated rooms, unless a correspondingly greater amount of radiation is installed. 


COMPARISON OF THE PERFORMANCE OF THE VARIOUS TYPES OF ENCLOSURES 


Performance of Enclosures. A comparison of the two types of commercial 
enclosures tested may be made from Table 1. From this table it is evident that 
the most satisfactory combination of all of the factors involved was obtained 
with enclosure No. 3. Since the degree of comfort produced is probably the final 
criterion for judging the performance of any given heating unit, the mean tem- 
perature in the zone from the floor to the breathing level is the most important 
factor involved. The highest mean temperature below the breathing level was 
obtained with enclosure No. 3. 

On comparing the two enclosures in respect to structural differences, it may 
be noted that the one giving the more satisfactory results was the one having 


TasLe 1. COMPARISON OF PERFORMANCE Factors FoR ENCLOSURES 























Mean 
Diff. Temp. 
Temp. at in Temp. below Net 
Type Perform- Breath. Ceiling- Breath. Steam 
Enclosure Fig. ance Level Floor Level Condensed 
No. No. Fig. No. Deg Fahr Deg Fahr Deg Fahr Lb /Hr 
Bare 9 14-17 69.4 21.8 62.0 5.44 
3 10 14 69.5 18.2 63.6 4.71 
10 11 15 66.2 23.0 57.8 4.50 
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the greatest free area of openings, thus offering the least restriction to the flow 
of air over the radiator. This may be made clear by comparing enclosures 
Nos. 3 and 10 as shown in Figs. 10 and 11 in the order designated. This com- 
parison immediately makes it evident that the reason for the unsatisfactory 


Ffoom TEMPERATURE AT START «236 *, 
OQvrsive TEMPERATURE ABsour -90 °F 
Fraviaror EaviPPeo wit ENCLOSURE 
Sream TEMPERATURE = 216-5 °F. 
We, Fun 2A, 10-23-28 
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7ime IN Hours 
Fic. 18. TyprcaL WARMING CuRVE For WEsT TEst Room 


performance of enclosure No. 10 is that the total area of the grilled slot is en- 
tirely too small and that the slot is placed too low in the front. 

Heat Losses from the Room. Since, in every case, the flow of heat was out 
of the room through the walls, floor and ceiling, and the only heat available for 
making up this heat loss was derived from the condensation of steam in the 
radiator, the only possible conclusion that can be drawn is that in the cases of 
the enclosures for which satisfactory air temperature conditions were main- 


TABLE 2. COMPARISON oF STEAM CONDENSING CAPACITIES OF SIMILAR ENCLOSURES 
oN Two DirrerENT S1zEp RapiaAToRS 























From Room Tests From Bulletin 169 
Relative Relative 
7. . : Enclosure | Condensing Enclosure | Condensing 
Type of Enclosure No. Capacity Jo. Capacity 
Per Cent Per Cent 
Bare radiator a 100.0 sa 100.0 
Solid top, grilled front and ends, large 
free area 3 86.6 14 85.5 
Solid top and ends, solid front with 
wide slot 10 82.7 11 83.5 
Metal shield 1 88.4 Shield 91.9 
Six-inch cloth cover 4 84.4 Cover 88.0 
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tained with less condensation than that obtained with the bare radiator, the 
reduced condensation was also accompanied by reduced heat losses from the 
room itself. For the satisfactory enclosure, the temperature at the ceiling was 
less than that for the bare radiator. Hence a reduction in heat loss through 
the ceiling resulted. 

For the bare radiator, and for the enclosure having no protecting back, the 
temperature of the inside surface of the wall just back of the radiator was from 
116 F to 121 F. For the satisfactory enclosure, this temperature was approxi- 
mately 76 F. Accordingly the flow of heat through the wall back of the radiator 
was decreased by the use of the enclosure. 

In the case of the bare radiator, the air that became heated by passing over 
the radiator rose and passed directly over the window. The velocity of this air 
was comparatively high and its temperature was considerably higher than the 
temperature at the breathing level. Furthermore, it was observed that there 
was no down current of cold air in contact with the glass under these conditions. 
When an enclosure was used the air passing over the radiator was deflected out 
into the room and did not pass directly over the window. Accordingly a greater 
loss of heat occurred by transmission through the glass in the case of the bare 
radiator than in that of the enclosed radiator. 

The use of an enclosure undoubtedly reduced somewhat the amount of direct 
radiant heat received by the inside surfaces of the walls, thus reducing the sur- 
face temperature. A very small reduction in this temperature would not cause 
a noticeable reduction in the comfort of the occupants, but owing to the com- 
paratively large area of the wall surfaces might represent a very appreciable 
reduction in heat loss through the walls as compared to the loss in the case of 
the bare radiator. 

It may be noted that all of the reductions in heat losses are in themselves small, 
but that the sum of these reductions may easily be enough to account for the 0.73 
lb of steam per hour, or approximately 700 Btu per hour, which represents the 
difference in condensing capacity between the bare radiator and the radiator 
enclosed with the best enclosure. 

Relative Steam Condensing Capacity. In Engineering Experiment Station 
Bulletin No. 169 the relative steam condensing capacities of a radiator with 
various types of enclosures as compared with the steam condensing capacity of 
a 38-in., 20 section, 3-column bare radiator were reported. Since all of these 
tests were carried on in a large laboratory with the radiator placed near a warm 
wall and surrounded by air at a comparatively uniform temperature, no account 
could be taken of the actual heating effect produced by the different amounts of 
steam condensation. All conclusions in that bulletin were accordingly confined 
to the effect of the enclosures on steam condensing capacity alone. 

In Table 2 a comparison of the relative steam condensing capacities reported 
in Bulletin No. 169 and those obtained from the present series of tests on en- 
closures of similar construction is given. The agreement between the two series 
of tests is remarkably close when it is considered that the two series were run 
under different conditions. Furthermore, the two radiators were of materially 
different size and the construction of the enclosures was not identical. Hence 
the present series of tests does not serve to alter any of the conclusions drawn 
in Bulletin No. 169 in regard to the effect of enclosures on steam condensing 
capacity, but does serve to present additional data on the relative heating effects 
to be expected in an actual room with cold outside wall and glass surfaces. 
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WARMING AND CooLinc Tests oF Rooms 


A few tests were conducted on the rate of cooling and the rate of heating of 
the air and walls of the test room. The temperatures of the wall and air were 
observed by means of thermocouples placed at the breathing level of the room. 
The location of the thermocouples is shown in Figs. 1 and 2.7 In all of the 
tests an air movement of approximately ten miles per hour was maintained over 
the outer wall surface by means of three 16-in. oscillating fans located as 
shown in Figs. 1 and 2. 

Heating of Room with Radiator Fitted with Enclosure. Test W-6, Fig. 18 
shows the rate of heating of the room air and walls with the same radiator 
used in a previous test, except that a commercial enclosure .(metal grille on front 
and ends) was used on the radiator. The temperatures at the start of the test 
were as follows: 

Breathing line at center of room = 23.6 F 

Attic temperature = 29.0 F 

Basement space = 38.0 F 
The temperature of the cold room was about —7.0 F, as indicated by the average 
of the three thermocouples placed at the same height as the breathing level in 
the test rooms. An air couple was placed 6 in. from the inner wall surface of 
the test room at the level of the breathing line and opposite the inner wall sur- 
face couple. The locations of.all these couples are shown in Figs. 1 and 2. 

The shape of the temperature curves for this test are substantially the same as 
those for a similar test with a bare radiator. In both tests, the importance of 
allowing enough time for heating, and sufficient radiator surface for heating up 
periods, is well brought out by the curves of Fig. 18. 

The temperature differences that were maintained after the tenth hour are 
approximately as follows: 

Inside air 6 in. from wall to inside wall surface = 17.0 F. 

Inside wall surface to studding space = 7% F. 

Studding space to outside wall surface = from 37.0 to 40.0 F. 

Outside wall surface to outside air in cold room 4 F. The differences obtained 
were of the same magnitude as those observed in the previous test with a bare 
radiator. 

Hourly steam condensate readings were recorded during this test and are 
also plotted on Fig. 18. The condensate curve is almost an exact reflection of 
the temperature curve for the room air temperature. The condensate weights 
obtained near the beginning of the test, when the inside air was below 40.0 F, 
were fully 25 per cent greater than those obtained toward the end of the test, 
when the room air temperature was about 62.0 F. 


The enclosure used in this test produced temperature conditions at the breath- 
ing level in the room about the same as those in the test with the bare radiaor. 
The breathing level temperature with the enclosure was maintained at 62.5 F, 
while the bare radiator maintained 65.5 F, but the cold room in the former case 
was maintained at a temperature of —2 F, and in the latter case, at a tem- 
perature of —7 F, which readily accounts for the lower breathing level tem- 
perature in the room with the enclosure. 


7In the following tests only the temperatures of the North wall of the West test room East 
end were plotted. 
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DISCUSSION 


PRESIDENT WILLARD: In concluding this paper, before calling for discussion, 
I wish to make certain acknowledgments. This particular investigation, which, 
by the way, covered a period of about three years, is a cooperative investigation, 
supported not only by the University of Illinois, but also by the Jilinois Master 
Plumbers Association and the National Boiler & Radiator Manufacturers Asso- 
ciation. Both of these associations contributed funds for the necessary ex- 
penses of the investigation, the university furnishing laboratory space. Pro- 
fessor Kratz has presented to you a few of the results which will appear in 
the bulletin of the experiment station within the next few months. Many more 
tests will be made, and these rooms will be used in the future for the various 
investigations of different types of radiators. As you can see, the possibilities 
are almost endless, and with the plant that has been erected it will be possible 
to test radiators or heating devices in the actual environment found in practice, 
as referred to in the introduction of the paper and by the speaker. 


E. H. Locxkwoop (Written): I feel that our thanks are due President Wil- 
lard and his associates for this valuable investigation, as well as for similar 
experiments that have preceded it. 

My interest centers in the conclusions from Table 2, that relative condensa- 
tion in bare and enclosed radiators was substantially the same, whether obtained 
in warm wall test rooms as in earlier experiments or in cold wall rooms of the 
present paper. The warm wall room is far simpler to operate, hence it is grati- 
fying to get further evidence that its results will check well with the more 
elaborate and costly cold wall test room. 


It will be equally important to know whether the absolute condensation figures 
for the two rooms will agree, assuming the same radiator to be tested in each. 
Such figures are not given in the paper, yet I believe that such comparisons may 
be fairly drawn. The coefficient of heat transmission has been worked out for 
the bare radiator as 1.87 Btu per hr per sq ft per deg Fahr. It seems to me that 
this coefficient should be recomputed, using the mean temperature of the living 
zone instead of the temperature at eye-height. If this is done the room tempera- 
ture will be about 62 F, and the coefficient computed for room temperature of 
70 F by the 1.3 power method will be 1.69, or almost exactly the coefficient given 
for this type of radiator in a warm wall test room. It is my impression that 
substantially identical results will be obtained from warm wall and cold wall 
test rooms, provided that the same temperature be maintained in the living zone 
in each, 

It is certainly surprising to discover that a radiator enclosure will maintain 
the same living zone temperatures as the bare radiator, or better, with consid- 
erably less condensation of steam. It would be of interest to know how much of 
the steam saving was due to the presence of the protecting shield behind the 
radiator. Have any experiments been made with an enclosure consisting of a 
rear protecting plate only? 

Joun Howattr (Written): The difficulty in artificially reproducing condi- 
tions met in actual practice when weather is one of the factors is illustrated in 
the set-up for the tests and experiments made on bare versus enclosed radiators 
at the University of Illinois. The cold room on two sides of the test‘ room 
could maintain temperatures duplicating outdoor temperatures but the action of 
wind could not be duplicated by oscillating fans in the cold air space. It is a 
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well known fact that wind is as important a factor in the heating of a building in 
the winter season as is the outside temperature. Infiltration and leakage of air 
through walls and around doors and windows is what makes rooms in buildings 
of ordinary construction uncomfortable in cold, windy weather. The family 
sometimes has to move into the sheltered rooms to get away from the cold and 
drafts. Homes have flues from heating plants and fireplaces carrying air out 
from the interior of the home and increasing the amount of cold air coming in 
from the outside usually through infiltration or leakage. Would this condition 
make any material difference in the results obtained in the relative effectiveness 
of radiators bare or radiators enclosed? Enclosures certainly will change the 
relative ratios between the heat given off by radiation and convection so the air 
movement in the room would be a factor influencing the results. 


I believe enclosure No. 10, Fig. 11, is of the general type found most often 
in homes, yet it has been shown by these tests to be the least effective of all. 
This is due to the restriction in the grille which checks the air movement 
through the radiator. In a paper by R. V. Frost, presented at the 1925 Annual 
Meeting of this Society, it was shown that the total amount of heat given off by 
a radiator could be very materially increased by the use of a properly designed 
enclosure. The writer had experience with enclosures similar to No. 10 a few 
years ago when he built a home heated with a hot-water heating system. The 
first winter the radiators were left bare and the house was kept comfortably 
heated when the regulator on the boiler was set to close boiler drafts when 
the water in the boiler reached 170 F. The appearance of the bare radiators did 
not please, so before the next winter enclosures similar to No. 10 were installed. 
That winter it was found necessary to raise the water temperature limit to 
190 F to maintain equal comfort. No difference in the amount of fuel required 
could be detected. 


I am convinced that, no matter what the tests of the relative efficiency of bare 
and enclosed radiators may show, the present-day boss in the home will have 
either concealed or enclosed radiators so the question is what type of enclosure. 
Even man, blind as he usually is, must admit that the ordinary bare radiator 
in the room has been an ugly thing. Enclosures are provided on radiators in 
the home upon demand of the women for three purposes: 


1. To protect walls, curtains and ceilings from the dirt deposited by the column 
of heated air rising directly above the bare radiator 

2. To conceal the usual ugliness of the bare radiator 

3. To provide a means of humidification. 


Those living in modern homes or first-class apartments are, therefore, de- 
manding that the radiation be concealed or enclosed in metal artistically de- 
signed enclosures finished to match the wood work in the room. The results 
of tests such as those recorded in this paper should influence the design of such 
enclosures so they will satisfy the conscience of the heating and ventilating en- 
gineer by their effectiveness in producing room comfort, and at the same time 
satisfy the demand for an attractive-appearing heating unit in the rooms. 

R. N. Trane (Written): This investigation marks an important step in 
house heating research and champions a new and more accurate standard for 
measuring the effectiveness of radiators. Instead of basing radiator perform- 
ance on the amount of condensate, these investigators have chosen a more logi- 
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cal criterion in the mean room temperature from the breathing level to the floor 
which is the zone of useful heat. While it is true that other experiments have 
been run along these lines in the past it is not likely that the apparatus hitherto 
available has been as elaborately planned or as skillfully handled as the set-up 
in the University of Illinois. 

The outstanding conclusions the authors have drawn from this investigation 
seem to be as follows: 


1. One style of radiator may keep a room equally comfortable in the living zone, 
using less condensate than another. 


2. All shields or covers used in this study have lowered the ceiling temperature in 
the test room below that observed with the bare radiator and delivered more effective 
heat per pound of condensate. 


3. The same amount of comfort is secured with enclosure No. 3 as with the bare 
cast-iron radiator with a saving of fuel of approximately 13 per cent. 


As long as all the enclosures which have been presented in this paper have 
been placed in the same room, scientifically arranged, and in identical conditions, 
it is very interesting to try to determine the efficiency of all the combinations 
of the bare radiator and the enclosures. 


As long as the resulting temperatures of the various combinations vary, it 
seems logical to reduce the performance of each to a figure which equals the 
number of pounds of steam required per hour to produce a temperature differ- 
ence of one degree between the inside and outside air, using the inside tempera- 
ture either at the breathing line, in the living zone, or the average room tem- 
perature. In the case of the bare radiator we have the following three factors: 











: 5.44 
Breathing Level: ry pemay 2o0: | fo 0.077 Ib per hour per degree 
Living Zone: 0 — i) = 0.086 Ib per hour per degree 
5.44 
Average for Room: spec oo 5) fo 0.0806 lb per hour per degree 


The figures given in Table A showing this relationship between the various 
enclosures and showing the per cent saving of fuel as compared to the bare cast- 
iron radiator are obtained by this method. 


TaBLe A. RELATIONSHIP BETWEEN THE VARIOUS ENCLOSURES 


























: Sart J Pounds steam condensed 
iad naateg —- a ge per deg. diff. per hour Per cent saving 
Enclosure} temp. temp. temp. per Brthg. | Living Brthg. | Living 
No. ft J > ee ad # hour leve zone | Room leve zone | Room 
Bare 69.4 62.0 66.4 5.44 0.077 0 086 | 0.0806 0 0 0 
3 69.5 63.6 66.6 4.71 0.067 | 0.073 | 0.070 13 15.1 13.2 
__ 10 66.2 57.8 62.3 4.50 0.0665 | 0.076 | 0.0705 13.0 11.6 12.6 





























From this table it will be seen that the statement by the authors on page 95 
“This reduction (reduction of condensation effected by enclosures No. 10 and 
No. 11) can in no sense be regarded as an economy, however, because the en- 
closed radiator failed to heat the room,” is not an evident conclusion. 

The fact that enclosure No. 10 does not heat the room sufficiently is not of 
importance. The combination is too small, and could easily have been made 
larger by adding another section to the radiator. 
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Enclosure No. 3, without question, saves 13 per cent in steam to produce 
equivalent comfort, but enclosure No. 10 saves more (13.6 per cent) considering 
the breathing level temperature, slightly less (11.6 per cent as compared with 
15.1 per cent) when considering mean living-zone temperature, and 12.6 per 
cent as compared to 13.2 per cent when considering the average room tempera- 
ture. It does this, and produces a higher temperature difference between the 
floor and ceiling than any other arrangement, not excluding the bare radiator. 
In fact, enclosure No. 10 gives us 23 degrees difference whereas the cast-iron 
radiator gives us only 21 F. It is indeed a curious thing that enclosure No. 10 
seems to do the impossible; that is, it increases this temperature difference 
between the floor and ceiling and seems to give more useful heat at a less expen- 
diture of fuel. 

These tests, if they are to be relied upon, and I can see no reason why they 
are not as nearly perfect as humanly possible to make them, indicate that there 
is something else that produces economy other than the difference between floor 
and ceiling temperatures. 

The results which have been shown by enclosure No. 10 in producing a high 
difference in temperature between floor and ceiling could be expected from the 
construction of this enclosure. The free area of the grille is approximately 60 
per cent and the radiator itself further obstructs this free area with the result 
that the flow of air through the enclosure is so restricted that the temperature 
of the air leaving the enclosure must be 15 to 20 deg higher than normal. Were 
this enclosure arranged with a somewhat better proportion of the opening for 
the discharge of air, and if the radiator in the enclosure were lower, at least 
below the bottom of the grille, surely a much more efficient combination would 
be produced because more air at a lower temperature would result. The rela- 
tionship of floor and ceiling temperatures would also be greatly improved, and 
I would, therefore, recommend that these tests be continued with a great many 
more enclosures and different relationships of inlet and outlet air. The results 
from these tests will certainly be very much worth while, Certainly if four dif- 
ferent enclosures selected at random have improved the economy of a cast-iron 
radiator there is great hope that many combinations will be found which will 
save a great deal more coal than enclosure No. 3, and that cast-iron radiators 
of themselves can be greatly improved. 

Pror. A. P. Kratz (Written): In his written discussion, Mr. Trane has 
brought out some points that are certainly worthy of serious consideration. It 
is well to restate, however, that the original object and scope of the tests were 
to determine the effect of various existing commercial types of enclosures on the 
steam condensing capacity and distribution of heat in the room, when such en- 
closures were placed on a given size and type of a cast-iron steam radiator. The 
size of the bare radiator was just sufficient to maintain a breathing level tem- 
perature of practically 70 F when unenclosed, and the enclosures were selected 
so that the radiator practically filled the enclosure, extending to within an inch 
of the top. 

A study of the results of these tests in regard to the effects produced must, 
therefore, be confined to the conditions existing in the room when this same 
radiator is used in all of the enclosures. What might happen if the size were 
increased or diminished is an interesting subject for speculation, but until fur- 
ther test data are obtained, any such figures must remain entirely in the realm 
of speculation. Furthermore, any attempts to correlate the performance of the 
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cast-iron radiator extending to within an inch of the top of the enclosure, with 
a low radiator or with a shallow copper-fin radiator placed at the bottom of the 
enclosure are at present rather futile. Some indication of what may happen 
to the condensation rate when high enclosures, giving marked chimney effect, 
are used is given in the results presented in Engineering Experiment Station 
Bulletin No. 169; but at present no tests have been run with such combinations 
in the test rooms, and the actual heating effects in the rooms are still prob- 
lematical. 

H. E. Loncwett (Written): The authors have presented several definite 
facts which evidently have been determined with the utmost care and precision. 
The principal value of facts is that they enable us to develop a plausible theory 
which will account for them. 

In heating a room, the characteristic most desired is uniformity of tempera- 
ture at all points within the room. The degree of uniformity depends on the 
effectiveness of the diffusion of the current of heated air arising from the 
radiator. If this current is unobstructed, it naturally makes a short cut to the 
ceiling, giving us a hot zone at a level at which it is of no great service to us. 

If we put a flat shelf above the radiator, the upward flow is obstructed, and 
the result is diffusion in a more or less horizontal direction into the zone in 
which we live. At the same time this obstruction to the flow of the heated air 
will reduce the amount of heat abstracted from the radiator, reducing propor- 
tionally the hourly rate of condensation. 

The best performance may therefore be expected from that design of radiator 
shield or enclosure which gives the most effective diffusion of the heated air, 
with the minimum of obstruction to its flow. 

Of the several types tested Fig. 10 exhibits these characteristics in the highest 
degree. It has a solid back which subjects all of the circulating air to the di- 
rectional control of the grilles. The grilles are noticeably open and large, con- 
sequently offering a minimum of obstruction to the circulation. There are 
grilles in the ends of the enclosure as well as in the front, which not only lessen 
still further the obstruction to the circulation, but also make the diffusion more 
or less radial through an arc of 180 deg. The bottom of the grille is low, so 
that there is considerable diffusion near the level of the floor. 

Fig. 11, on the other hand, has no back, and consequently the directional effect 
of the grille is materially weakened. The area of the grille is considerably less 
than half of the area of the grille in Fig. 10. On this account the air flow would 
be reduced and it is not surprising to find that the hourly condensation, as 
shown by the test, is less. Having no grilles on the ends, all of the diffusion 
is unidirectional, and therefore less extensive than is the case with Fig. 10. 
Finally, the bottom of the grille appears to be about 18 in. above the floor, and 
therefore we cannot expect much help from diffusion below that level. 

It might be instructive if the experiment with this type of enclosure could be 
repeated, using a larger radiator so that at its reduced efficiency it would still be 
able to heat the room, at the breathing point, to 70 F. 

It might also be worth while to make another experiment with the enclosure 
Fig. 10, elevating it on blocks 1 in. high, in order to determine whether its per- 
formance is affected by a moderate increase in the area of the air inlet. 

In the case of Fig. 12 we have the solid back shield, and no obstruction by 
grilles at either the front or the ends of the radiator. We also have a greater 
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hourly condensation than with enclosure Fig. 10, and yet the performance is 
somewhat inferior. It is possible that on account of the shortness of the top 
shelf, there is not sufficient overhang to deflect the upward air currents caused 
by the heat emitted from the ends of the radiator. In a radiator having only a 
few sections, this is a considerable proportion of the total heat. In the case of 
the present experimental radiator, it would probably be close to 25 per cent. 
Assuming that any such proportion of the heated air were shunted directly to 
the ceiling, it is not difficult to believe that the effectiveness of the shield as a 
diffuser would suffer materially. If the experiment were repeated using a shield 
of this type, having a top as long as that of enclosure Fig. 10, and the back 
extending the entire length of the top, I fancy we might get results fully as good, 
if not a little better, than were obtained with Fig. 10. Of course, irrespective 
of how excellent the performance might be the aesthetic atrocity of the structure 
would outweigh its merits hopelessly. 

The general diffusive effect—which is the real essence of so-called comfortable 
heating—can be obtained to a very considerable degree, without recourse to 
shields or enclosures, but merely by exercising good judgment in the selection 
of radiators. 

A tall radiator made up of a few sections heats a comparatively small quantity 
of air, per unit of time, to a comparatively high temperature. Due to the high 
temperature the velocity of the air current is so rapid that there is but scant 
opportunity for diffusion before the ceiling is reached. Consequently we have a 
very steep temperature gradient from the ceiling to the floor. If we maintain 
the same footage, but use shorter sections and more of them, the radiator heats a 
larger mass of air to a lower temperature. While it transmits the same quantity 
of heat per unit of time, the velocity of the air current is reduced, diffusion is 
increased, and the temperature gradient between ceiling and floor becomes less 
steep. If we use a still greater number of sections with fewer tubes, the diffusive 
effect is still further increased. If we use hot water at 150 F as a heating med- 
ium instead of steam at 215 F, and increase the number of sections in the radi- 
ator 60 per cent, a still greater degree of uniformity of temperature will result. 

I should be glad if the authors could find occasion to make another test with 
a bare radiator, 3-tube, 20 in. high and 12 sections, under exactly the same con- 
ditions as prevailed in the test of the 5-tube, 26 in., 6-section radiator. I would 
hopefully expect improved comfort conditions not only by reason of better dif- 
fusion, but also on account of a marked increase in the percentage of radiant 
heat. However, even though it should fail my expectations from a purely utili- 
tarian standpoint, I am confident that in a small room answering to the descrip- 
tion of these tests rooms, a radiator of the proposed dimensions would at least 
be infinitely more satisfying to one’s sense of artistic fitness—which, in these 
modernistic days, is not to be overlooked. 

C. H. B. Horcukiss (Written): Many of us have been waiting for some 
time for the first report of results from this new Illinois plant. Now that they 
are here, it is difficult to understand how anyone interested in the problem of 
testing radiators can be disappointed, or can be anything but delighted. From 
the description of the plant given in the paper it is so evident that both the design 
and the construction are well thought out that no comment is necessary. Now 
that the paper reveals that the operating results have been so satisfactory, we 
should all feel very well pleased. 


The operation of the plant is fully described. However, there is one point 
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which is not entirely clear. Direct expansion coils are used in the cold room, 
and the low temperature is apparently maintained by causing air to move over 
those coils by the fan. It appears that only three temperature measurements 
are made in the cold room. One of these must be the one used for controlling 
the action of the automatic expansion valve mentioned. The plan shows it just 
north of the west test room. The plan shows no points of temperature measure- 
ment near either the floor or ceiling in the cold room, nor in the passageway 
between the two test rooms. It is evident from the method of cooling that there 
must be some fairly considerable variation in temperature between the air at the 
floor and at the ceiling and in the passageway. As it seems quite likely that 
such observations must have been made at some time during the testing, it 
might have been desirable to have included such data in the paper. Its inclu- 
sion would have assisted greatly in forming an idea as to the average tempera- 
ture in the cold room, as well as to have made clearer just how effective the 
oscillating fans are. 

The paper brings to light one item of information which should not be per- 
mitted to pass without calling attention to it specifically. It has been apparent 
to every one concerned that the temperature of the wall surface direcly behind 
an unshielded direct radiator must be high. It is one of the unexplained vagaries 
of test work why no one has ever before seen fit to attempt to measure, and 
publish the amount of, this temperature. 

The paper states that there are four points of importance to be considered in 
drawing comparisons and conclusions as to the performance of radiators and 
also gives five factors of performance. As one of the major points involved in 
all testing of radiators under conditions of use revolves around an agreement 
on these factors, it seems evident that the major discussion must hinge on them. 

The very fact that the authors recognize and admit that condensation is not 
itself a full measure of radiator performance is a step in advance, in that it 
shows an attempt at the analysis of those factors that cause satisfctory and desir- 
able distribution of heat. It is also notable that the authors attempt to set up 
no one point of measurement of temperature as a criterion as has so commonly 
been done in previously reported tests of radiators in test rooms. 

Certainly the statements as actually set forth in words by the authors are 
open to question. Even if one agrees that the list of performance factors is rea- 
sonably complete, or complete enough for practical purposes, there are questions 
involved which will not down. For instance, the factor (4) as set forth by the 
authors is “if the mean temperature in the living zone was raised.” This implies 
that the temperature at the top of this zone is being kept substantially steady as 
required by factor (1), and that the floor temperature is being kept steady or is 
raised as required by factor (3). How can the factor (4) be fully reconciled 
with the statements of factors (1) and (3)? Do not the factors (1) and (3) 
cover the requirement of factor (4) so long as temperatures are recorded only 
at the center of the test room? If, however, measurements of temperature were 
made at points distributed over the whole room then it would seem that the 
factor (4) is valid and very meaningful. 

This brings up a point of some interest and one which it seems to me is worthy 
of thought. In our testing plant we have placed thermal couples not only at 
various heights in the center of the room but also at the same approximate 
heights near the corners. We have shielded these couples from direct radiation 
and when direct radiators are used to heat the test room the couples show 
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temperatures quite notably different from those in thé center of the room. Those 
in the two corners near the hot radiator show temperatures varying a good deal 
from those in the corners farthest from the radiator. As we have not yet used 
any devices except direct radiators in the room it is not possible to predict what 
temperatures will be shown by them. However, it seems quite possible, and 
even probable, that some considerable differences might be shown, especially in 
those forms of heaters which direct the warmed air outward across the heated 
room. In such cases the variation between the living-zone temperatures at the 
corners of the room and at the center should be appreciably lessened. Why 
should such a device not be credited in some way for whatever beneficial effects 
it is able to produce because of this better temperature distribution in the living 
zone? Isn’t it just as desirable to have a 70 deg five-foot temperature near the 
corners of the room as at the middle, for, don’t occupants use other parts of 
the room as well as the center? Why, then, isn’t it just as logical to include 
some such factor in the list as to include those already there? 

This omission seems to constitute about the only one in an otherwise very 
well thought-out testing setup. It should be of interest to hear why more tem- 
perature measurements in the rooms were not made since their inclusion would 
have meant but little additional effort. It would seem, too, that their inclusion 
would have been desirable for the sake of completeness. 

Thus it is fairly evident that while the paper presents certain factors on which 
radiator performance may be judged it is open to question as to whether or not 
the list is fully complete. Instead, does not the list merely show those. factors 
concerning which data were collected in those particular tests? 

It is also apparent that while the list sets forth certain factors of performance, 
no attempt is made to assign a numerical value to the relative importance of each. 
It is thus still in the stage of being a rather rough scale which does not permit 
of separating out marginal cases by its use. However, it should not be criti- 
cized from this standpoint, but rather we should all be glad that so much head- 
way has been made regardless of opinions as to details. 

Another point also occurs. The authors state that with both the bare and 
shielded radiators and a wind velocity of approximately 10 mph certain results 
were obtained as to temperature distribution. It seems quite clear that the 
reported tests were all conducted with the air moving at this velocity. I should 
like to have the authors confirm this conclusion. 

It seems to me that the data showing the rate of heating are of especial in- 
terest and importance. In the first place this seems to mark the first appearance ql 
of such data as obtained by laboratory methods similar to those used. Other q 
curves of the heating or cooling of building wall constructions have been ob- q 
tained by calculation. 


However, the fact that the curves present a new kind of data is not the prin- 
cipal reason for their interest. It is apparent that since data of these kind can 
be obtained from this plant that it will be possible to conduct heat transmission 
tests under somewhat different conditions than have been used heretofore. 
Moreover, it should be possible by the use of the plant to settle some rather 
vexing questions regarding our existing notions of heat transmission—namely, : 
on the rate of temperature penetration of building materials. I have no idea 
what is intended in the way of a testing program at the plant but it certainly 
holds the possibility of changing our methods of computation as profoundly as 
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did the use of coefficients change the methods of estimating in use before their 
introduction. 

Konrap Meier (Written): The experiments at the University of Illinois 
bring out certain facts about direct heating, that had long been known, but did 
not receive due consideration, partly because of insufficient demonstration. Even 
now it seems doubtful, whether they will be of practical value, unless conclusions 
are fully drawn and stated in a manner to compel attention and reform. 

The principal point, which the tests were to settle, was the comparative room 
heating effect of bare, shielded and enclosed radiation, which would show, 
whether these familiar devices are advantageous or not. Comfort and health 
being the first considerations, the results are properly expressed by the tempera- 
ture gradient, although the time, within which say 65 F are reached near the 
floor, would also be of moment in this respect. With 69.5 F at the breathing 
level and about 60 F at knee-height and after a long period of heating up, the 
difference between floor and ceiling for the bare 5-tube radiator was found 
to be 21.8 F. Ina room of only 9 ft height and neutralized transmission through 
floor and ceiling, this is certainly not a good showing in regard to the placing 
of the heat. It explains the lack of comfort and indicates the reason for the 
customary, but in reality, excessive standard of room temperature. With the 
deflecting shelf and the enclosure having grilles on three sides, which alone 
gave some improvement, the temperature differences were still 20 and 19 F re- 
spectively and the increase near the floor was barely perceptible. Both arrange- 
ments have a top shelf deflecting the warm air not only towards the room, but 
allowing also escape sideways. Evidently, it is the latter feature, not present in 
any of the other devices, which causes at least a partial spreading of the warm 
air under the windows and accounts for the slightly better showing. The short 
unit tested is not favorable in that sense, particularly as placed, since the chilled 
air from the windows can reach the floor for nearly the entire width, while 
a hot column of air is allowed to rise straight to the ceiling. It would be easy 
to improve on this performance by appropriate selection and disposition alone. 
As might have been expected, the other forms of coverings, including the typical 
enclosure No. 10, were still less efficient, mainly because of the absence of radi- 
ant effect, which fact appeared to offset the benefit of deflection, as the parallel 
curves would indicate. 

Thus, although we are dealing with a radiator located under the window, its 
heating effect appears to be little better than that of surfaces on inside walls. 
However, as a general conclusion, this would be misleading, even though the 
arrangement adopted for the tests may be typical. The fact is, it does not rep- 
resent good practice, as the preliminaries must have shown at once. Hence, 
while it was decidedly useful to demonstrate its characteristic faults, the ques- 
tion may well be raised, whether such an arrangement should have been used 
as a basis for comparison. In any event, it was shown, that its disadvantages 
are not overcome to any extent by ordinary deflectors and even less as a rule by 
coverings intended primarily to improve appearance. 

The principal factor governing room heating efficiency is location, since the 
best results are not attainable with any kind of surface, unless properly placed. 
But the investigation also makes it clear, that application of the heat under the 
window, in itself, does not assure the desired effect. Whenever radiators are 
placed in that way or another, they should be of a type suited to the location. 
In this case it means low and shallow patterns, which are also the least obtru- 
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sive. Such types could be produced at about the cost of wall radiation and 
would be advantageous, not only in giving the best radiant effect within the 
lower zone, where not objectionable, but also in spreading the warm air, so it 
will mix with the colder currents and prevent a cold floor. The temperature 
difference between floor and ceiling will then practically disappear and it takes 
less time to reach the desired comfortable condition. It should go without say- 
ing, that the heat output must be regulated according to the weather and intense 
local effects avoided. Thus, high efficiency may be readily secured by judicious 
selection and application of the surfaces and without resorting to any deflectors 
and enclosures. In fact, these will then only impede the proper action. They 
will add nothing whatever to comfort. By gathering any drying dust, which 
vitiates the room air, they are more likely to become a source of irritation. 

We are all aware, that enclosures are in reality concessions made to clients 
who are not willing to accept the imperfections of current practice. Rightly or 
wrongly, they are designed for architectural effect rather than for efficiency 
and very little could be accomplished by their improvement. Deflectors, on 
the other hand, are devices intended to correct certain faults in placing the heat, 
which they may do to a limited extent, but at the expense of appearance. What 
we need today, is an all-around satisfactory solution of the various problems in- 
volved: Adaptability to space and location combined with finished appearance, 
thermal efficiency and hygienic quality. The investigation might be of great 
value, if kept up with that end in view. And it would show that all the reason- 
able requirements can be met with plain exposed cast-iron radiation, when avail- 
able in the cleanest, most efficient and least cumbersome form, which should 
induce proper placing and lend itself without further aid to neatest installation. 

Proressor Kratz: Most of the questions that have been raised, I think, have 
been answered in the presentation of the paper, and a large part of the discus- 
sion is merely pointing out and corroborating the results obtained in the tests. 

Professor Lockwood asked something about the agreement of the test results 
between the two rooms. 

In every case, we ran check tests on the two rooms, each combination was 
tested in each one of the two rooms and sometimes a number of tests were run, 
and in every case we found very close agreement between the results obtained 
in the two rooms. I have not the exact percentage, but I would say it was some- 
where between, within one and two per cent agreement, the results of the two 
rooms. 

Since running some of these tests, the same radiator has also been placed 
against the warm wall and tested under the same conditions as the report in 
Bulletin 169. We obtained very close agreement between the heat transmission 
coefficients determined by the tests in the warm and the cold room. I think that 
answers Professor Lockwood's question in that respect. 

In regard to the protecting plate: undoubtedly a large part of the heat was 
saved by the protecting plate at the back of the radiator. The temperature was 
reduced from about 121 F to 76 F by the use of the plates. Calculation, I think, 
indicated that in the neighborhood of one-fourth of the heat saved was saved 
through that source. 

Mr. Howatt asked something about the infiltration. Undoubtedly, infiltration 
would affect results to some extent. Our calculations indicate that there was 
approximately one-fourth of an air change per hour in the room. The fact that 











110 TraANsaAcTIoNs AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


we had two windows on one side and a door on the other side of the room 
helped to get some infiltration. No weatherstripping or any unusual conditions 
of tightness were observed on the windows and door; so we did get some in- 
filtration, possibly not as much as you would expect with a high wind and loose 
construction. Therefore the infiltration effect has not been entirely disregarded. 
The infiltration, by the way, was the same in all cases. 

Mr. Longwell asks what would happen if a moderate increase in the area of 
the air inlet were made. We did not make any of those tests in this room, but 
the results in Bulletin 169 indicate that a moderate increase in the inlet area 
would also be accompanied by increase in the steam condensation and probably 
the same results would maintain here, since we found a very close correlation 
between the results in the room and results obtained against the warm wall, so 
far as condensation was concerned; that is, the same thing done to the radiator 
in the room as done to the radiator against the warm wall produced about the 
same percentage increase or decrease in condensation as the case may be. 

Mr. Longwell suggests a number of tests. We are not by any means through 
with this room, and we will be glad to give consideration to additional tests of 
the type that have been suggested. 

PRESIDENT WILLARD: I would like to call specifically on Dr. Brabbée since 
he has similar equipment and has done similar work in the field. 

Dr. C. W. BrasBee: You remember that, at the last Annual Meeting, I dis- 
cussed our radiator twin test rooms, as shown in Fig. la, and demonstrated that 
the judging of radiators by their condensation only gives entirely different re- 
sults from those obtained if the comfort effect for human beings is considered. 
At that time the objection was made that our results were an expression of the 
characteristics of the rooms and not of the radiators. - 

The same objection would hold good for Professor Willard’s test arrange- 
ment, because in this case the radiators are also investigated in rooms of certain 
sizes and arrangements. We have made some more investigations in this matter 
and it might be interesting to show what results have been obtained. 

Two radiators B and C have been tested in our twin test-room arrangement 
against the standard Peerless, and the results obtained tabulated. Radiator B, 
which is a flat shallow one, 17 in. high, has an actual heating surface of 8.35 sq ft 
per section, the rating by condensation is 8.04 sq ft per section but the rating by 
useful heat is 9.55 sq ft per section. Radiator C, a 5-tube heater, 1934 in. high, 
has an actual heating surface of 2.05 sq ft per section, a rating by condensation 
of 2.1 sq ft per section, and a rating by useful heat of 2.37 sq ft per section; 
these figures obtained, as stated from investigations in our twin test rooms. 
You see that with Radiator B the useful heat rating is 19 per cent higher than 
the condensation rating, whereas Radiator C has a 13 per cent higher useful 
heat rating than according to condensation. This result would indicate that the 
flat heater B will give, with less condensation, more useful heat, the total dif- 
ference being expected to amount to about 6 per cent. 

Now, both these Radiators B and C were removed from our twin test rooms 
and installed in Rooms Nos. 1 and 2 of Fig. 3a, both underneath the windows in 
rooms which have entirely different physical dimensions, and also entirely dif- 
ferent outside walls and outside windows. However, both rooms are absolutely 
alike except in their location against the sun. Therefore, the tests were made at 
night after cloudy days. From Fig. 3a we see that in a state of equilibrium 
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Radiator B has a condensation of only 7.28 Ib per hour, whereas, at the same 
time, Radiator C condenses 8.23 lb per hour which is 13 per cent more than the 
condensation of Radiator B. However, the knee-height temperature curve indi- 
cating the feeling of comfort is 2 F, with radiator B, higher than with Radiator 
C, which, figured by our standard method of calculation, gives a 7 per cent 
higher useful heat rating of Radiator B against C. In other words, with a 12 
per cent less condensation, 7 per cent more useful heat with the flat radiator B 
is obtained, the latter therefore being 19 per cent more valuable than Radiator C, 
whereas an advantage of only 6 per cent was expected. We see that the prac- 
tical experiences, namely, the preference of the flat Radiator B over C is in the 
same direction as obtained in our twin test rooms, only more favorable for the 
flat heater, which is explained by the fact that our method of test includes a 
considerable amount of reserve as advisable for the introduction of a new 
product. 

Another example that the tests made in our twin test rooms are in the right 
direction is shown in Fig. 4a. We investigated in our twin rooms a Radiator E, 
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5-tube, 30 in. high, and a Radiator F, flat and panel-like, 2234 in. high, and 
found that figuring by useful heat, the latter could be rated 28 per cent more 
favorable than the tubular heater E. We then installed these radiators in a 
room, 15 ft 2 in. x 21 ft 8% in. x 10 ft 10 in. high, in one of our offices in 
Buffalo, with two outside exposed walls, in each one two windows, all these 
details greatly different from our test rooms. 

Fig. 6a shows the tubular heater, of which 126 sq ft actual heating surface 
were installed and which were replaced later by flat heaters (Fig. 7a), having 
together only 90 sq ft actual heating surface, 7. e., 28 per cent less than the former 
120 sq ft of the tubular heater. Fig. 8a shows the practical tests. On the day 
when the tubular heater was investigated the outside temperature was between 45 
and 50 F, the wind blew from south-southeast at 18 mph, and the heating up of 
the room started with about 60 F room temperature. After four hours a practical 
state of equilibrium was obtained, during which a condensation of 32 lb per hour 
was measured with a temperature at knee height of 80 F. 


Then these 126 sq ft tubular radiators were removed and ©0 sq ft flat heaters 
were installed and the test repeated. The outside temperature in this case was 
around 15 F, therefore much lower than on the previous test. The wind blew 
from the northwest with a velocity of 17 mph, therefore under much more un- 
favorable conditions than with the test of the tubular heaters. The heating up 














Winn 





Discussion ON INVESTIGATION OF HEATING Rooms 113 


























































































































ROOM TEMPERATURES 
TWO -18 SECTION 31” HIGH 5 TUBE RADIATORS 
HEATING SURFACE 126 SQ.FEET 
. Below Ceilin 
90 or — 
es % Ft Abov’ Fie - (2° 
6 °° “2b Knee HS" 
eh Fe es 
eS oj, ee CONDENSATION 
0 60 s.__|---F2.0 LB. PER HOUR 
a " 
. outsidle Temperature 
w 50 — 
re a 
2 40 
5 
£30 WIND DIRECTION 
O26 AVERAGE WIND VELOCITY, 1/8 MILES PER HOUR 
E wy Sy] Sy] S ul oy Oy) mo] oy ol 
ig OW i i 
NOTE: Radiator Valves Turned On at 9:00 AM, Valves Off /€ Hours 
0 | | | | | Before Start of Test; | | Sh 
9 10 1] le I 4 3 4 


Time, Hours 






































































































































ROOM TEMPERATURES 
TWO -12 SECTION 23” HIGH FLAT PANEL RADIATORS [— 
HEATING SURFACE 90 SQ. FEET 

90 | | : 

ii 6 In. Below Ceiling d be 
C a 
5 BERT Fr Above floor ’ 
& 70ry txnee HEI?) | — 1 eonpeNSATION 
260 ‘?1--25.8 LB. PER HOUR 
ro) 
a | 
g 50 WIND DIRECTION 
$0 AVERAGE WIND VELOCITY, /7 MILES PER HOUR 
= &} §} 8] 8) 8] S| SS) ST ST ST ST ST S SR 

= 

5 so 5 SL_SL_& S| SS SS 8 S| SOR OS 
w 
a 
S 20 Outside Temperature 
%10 ee ae 
= NOTE: Radiator Valves Turned On at 8:45AM,Jamn. 7,/927, Valves 

0 | | | jOff-/8 Hours Before Start of Test |_| | | 

S 10 I le | 2 3 4 


Time, Hours 


Fic. 8a. Raprator Test Resutts 




















114. TrANsAcTions AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


of the room started with about 52 F at knee height, also more unfavorable than 
in the former case, and yet, after four hours, the temperature at knee height was 
again 80 F, whereby the condensation was only 25 Ib per hour. You see that 
with a reduction in actual heating surface of 28 per cent, and under much more 
unfavorable conditions all around, the same temperature at knee height was ob- 
tained, indicating that the results of our tests in the twin test-room arrangement 
were again in the right direction but with a considerable reserve in favor of the 
flat heater as desired by us. 


One more example of what practical results can be expected is given in Fig. 9a, 
which shows three flat radiators out of a total of four installed. The room is 
exposed to north and east, has wooden windows, weatherstripped, and the heat 
calculations called for 114 sq ft standard radiation figures for +10 F lowest 
outside temperature. We installed four of these flat heaters and forgot one 
which should have been under the north window. The actual heating surface 
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set-up is only 68 sq ft equivalent to 85 sq ft, rated at useful heat, with one radi- 
ator of seven sections or 29 sq ft heating surface shy. Yet on January 14 when 
the outside temperature was only 7 F, the knee-height temperature was 69 F at 
9 o’clock in the morning, with a ceiling temperature of only 69% F, and the 
conditions were very comfortable. 


It is interesting to note that, as on all previous occasions, the flat heater with 
a large amount of direct radiation in the lower part of the room provides a 
much smaller difference between knee-height and ceiling temperatures. In the 
tests in our Buffalo office the difference was only 4 F with the panel and 12 F 
with the tubular heater. We may infer from these practical investigations that 
the results obtained in these twin test rooms are not only functions of the rooms 
but will hold good for practical installations if certain precautions are observed. 

Before I close, it might be interesting to show twin test rooms (Fig. 10a) 
which I erected at the University of Berlin, Charlottenburg, in 1920 for in- 
vestigation of tile stoves in regard to useful heat. In 1922 we erected twin 
test rooms for testing radiators as seen in Fig. lla, whereby we again strove to 
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i oa Fic. lla. TEMPERATURE DISTRIBUTION IN 
Room 

Fic. 10a. Twin Test Rooms at UNI- 

VERSITY OF BERLIN 


reach for the goal of determining the useful heat output of radiators and studied 
the temperature distribution in the room at knee height, eye height and ceiling 
height. (Fig. lla.) 


In very recent European papers with most elaborate investigations about 
radiators, everything is based on condensation only and not a single thought is 
given to useful heat output, but in America, gentlemen, we have again dug out 
the old pet idea. The American Radiator Co. gave the means for the investi- 
gation and four years ago at the Annual Meeting in Buffalo I had the honor 
to present to you the problem of useful heat. Now for the first time an official 
voice is heard and in principle our ideas have been adopted: not that radiator 
is best, which gives maximum condensation, but the one which provides maxi- 
mum human comfort with minimum condensation and therefore minimum fuel 
expense. 

We convey our heartiest congratulations to Professor Willard and his co- 
workers for this splendid contribution to the further development of our art. 
New ideas for testing, designing and installing of radiators have been officially 
set free and a new chapter in the history of heating has just been written by 
the University of Illinois, a chapter which may well be entitled—“The Era of 
Useful Heat.” 

PRESIDENT WILLARD: The authors of this paper express their sincere appre- 
ciation of the very complimentary remarks of Dr. Brabbée. He is a pioneér in 
this field of knowledge, carrying the frontiers of knowledge farther every day. 
And may there be more power and long life to him! 


I will now entertain a brief verbal discussion of the paper. I assume there 
has been a great deal of material already presented which has answered ques- 
tions which may have cccurred to you; but if not, you may discuss the paper 
briefly. 

N. W. Downes: Two of the enclosures had humidifying pans. Was water 
used in the pans during the test? 


Proressor Kratz: All of the enclosures had humidifying pans, but no water 
was used in any of them in any of the tests, largely because we wanted to com- 
pare the enclosures under exactly the same conditions. Humidity readings in 
the rooms showed relative humidities varying from 15 per cent up to 25 per 
cent, and that is practically the same humidity that obtains in the rooms in 
ordinary houses. We felt that we were not running under conditions in any 
way outside of the ordinary. The humidity would not affect the distribution. 
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F. D. Mensinc: What were the temperatures in what we might call the base- 
ment space? What were the temperatures in what we might call the attic space, 
and why were those temperatures maintained? 

Proressor Kratz: The temperature in the attic space was 62 F. The tem- 
perature in the basement space was always maintained about 2 degrees higher 
than the temperature 3 in. above the floor; that is, if the temperature above the 
floor was 56, the air temperature in the basement space was 58. In other 
words, we wanted practically balanced heat flow through the floor. You asked 
why they were maintained at those values. Because preliminary tests showed 
this: that they were about the values we had to have in order to keep from 
reducing the radiation below 21 sq ft. We felt if the radiation was reduced 
below 21 sq ft we would be getting conditions that were hardly representative. 
If we had a completely cold floor and ceiling, we found it would require more 
radiation, and would overload our refrigerating plant. 

R. C. Botstncer: I would like to ask Professor Kratz about the design of 
the enclosure at the top. Was it flared or square top on the inside? 

ProFessok Kratz: All square top with the humidifying pan in. You refer 
to the design under it? 


Mr. Botsincer: Under the top. 
ProFEessor Kratz: All square. 


Mr. Borstncer: Was your test started with a cold radiator or was the radi- 
ator heated? 


Proressor Kratz: I forgot to mention that. The condensation was not 
measured until the temperature on the inside surface of the room showed that 
the room had been in equilibrium for anywhere from a half to two hours. No 
data were taken when the rooms were not in equilibrium, and our criterion for 
equilibrium was constancy for the inside surface temperatures of the wall. 

E. K. Campse._: Professor Kratz stated that in general the shield which 
interfered least with the air movement over the radiator produced the best re- 
sults. I am wondering if a more correct statement would not be that the shield 
which increased the air movement over the radiator the most produced the best 
results, and the shield which decreased the air movement the most produced 
the poorest result. 


We know in heating large rooms with higher ceilings by air movement under 
fan conditions that a large volume of air heated to a comparatively low tempera- 
ture will in all cases decrease the difference in temperature between floor and 
ceiling. Isn’t that the real explanation of at least part of the beneficial results 
obtained from the shields which increased the air movement and also from the 
long radiator which Dr. Brabbée uses, the flat radiator, which increases the air 
movement in proportion to the surface of the radiator? 

Proressor Kratz: Mr. Campbell’s statement is just a corollary of the state- 
ment the way it was made; that is, the shield which offered the least resistance, 
of course, would give you the maximum increase in the amount of air going over 
the radiator, provided that there is an increase. 

H. M. Hart: Time is short and I am not going to say anything about the 
past, but about this test in which I am interested. 

May I suggest that this paper when published contain a detailed cross-section 
of the top of the radiator. I am inclined to think that that construction has a 








atta 





Discussion ON INVESTIGATION oF HeatinG Rooms 117. 


great deal to do with the effect and the distance from the top of the radiator to 
the bottom of the apron which permits the air to flow out from the enclosure. | 
think that has a great effect and that such details would add somewhat to the 
value of the paper. 

M. T. CLtow: I would like to inquire if the temperatures of the air delivered 
from the radiators were obtained. Such temperatures would be interesting as an 
indication of the useful heat rating of radiators—that is, a low radiator has a 
higher useful heat rating than a high one, because the temperature of the air 
delivered by the low radiator is lower than that of a high radiator. On the 
other hand, the useful heat rating of an enclosed radiator would be greater 
than that of an unenclosed radiator due to the. horizontal direction of the air 
delivery, in spite of the fact that the temperature of the air might be higher 
for the enclosed radiator. 


Proressor Kratz: Just before coming to this meeting some temperatures of 
the kind mentioned were obtained, but there is not very much difference between 
the temperature of the air delivered above the bare radiator and that delivered 
from the shield. We have not had a chance to study these data very carefully, 
but we expect to take more data and go into that question in more detail. 


In reference to a suggestion that Mr. Hart made, the final report will contain 
a drawing such as he indicates. And I might say that practically all of the en- 
closures had a distance of about one inch between the bottom of the water pan 
and the top of the radiator. In getting the enclosures, that distance was speci- 
fied, and I think it was held to a distance of three-quarters to an inch and a 
quarter. 


Mr. Hart: Was not the opening in the front of the enclosure below the 
bottom level of the pan? 

ProFessor Kratz: In some cases it was slightly below it and, I think, in some 
cases practically on the level. 

Percy Nicuotts: I would like to ask the author whether the temperatures he 
gives at breathing height, knee height, and so forth, are the average tempera- 
tures at a cross section of the room parallel to the radiator, or the temperatures 
opposite the center of the radiator, and whether an average over the cross sec- 
tion might not be affected by having openings on the side of the covers for the 
radiator, as well as on the front. 


I would also like to suggest that while such exceilent and very thorough work 
is being done, it might be carried one step farther by measuring the effect on 
the comfort of the room as produced by the temperature of the air and the heat 
which the body receives by radiation. It seems to me an omission that work as 
thorough as this should be done without gathering such data as well. I know 
it is a rather difficult job, but I think that instruments could be devised whereby 
you could get the true comfort that the body would receive from the air tempera- 
ture and from the radiation, both due to the cold walls and due to the hot exposed 
surface with the bare radiator as compared with the covered radiator where 
there would not be much radiation of the enclosure. 


Proressor Kratz: In reference to Mr. Nicholls’ first question, 1 assume that 
he refers to what is the effect of radiation on the thermocouples used to measure 
the temperature. The thermocouples used were No. 22, B. & S. gage wire. 
Three of these couples were placed at the center line of the room and one of 
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the couples was shielded by an ordinary radiation shield, one was left bare, and 
one couple was wrapped with some woolen string in order to find out whether 
there was any appreciable effect of radiation. The result was that the bare 
couple and the shielded couple read the same. The couple that was wound 
with woolen string read slightly lower, about half a degree, than the other two. 
In other words, the radiation which was being received by the couples was not 
the hot radiation from the radiator, but in the aggregate the cold walls were 
affecting it more than the radiator, but the correction never exceeded more than 
half a degree and we accepted the readings of the bare couples as being repre- 
sentative. 

All readings were taken on the axis running through the center of the room. 

In reference to the use of the kata-thermometers to obtain the actual comfort 
conditions, we found that entering the rooms disturbed conditions to such an 
extent that during a test we never opened the door; and as far as I am able to 
determine, the readings of the kata-thermometer must be made with the oper- 
ators very close to the thermometer. We were afraid it would disturb conditions 
too much to: use the kata-thermometer, but we expect to try that out in the 
near future. 


L. A. Harpine: As I understand it, these tests were not run within the limits 
of the comfort zone. You admitted it felt cold in the room, and I believe you 
carried a relative humidity of approximately 15 per cent. 

ProFEssor Kratz: Fifteen to twenty-five. 

Mr. Harpinc: That is not within the comfort zone. 

Proressor Kratz: No. 


Mr. Harpinc: The only suggestion I wish to make, in reference to further 
tests along this line, as comfort is a feature, is that the combinations of tem- 
perature and relative humidity be kept within the comfort zone. 

Your tests indicated a saving in radiation of approximately 15 or 16 per cent. 
I do not believe that was brought out very forcibly. Dr. Brabbée’s tests with 
this special radiator indicate a saving of about 33 1/3 per cent. Of course, a 
different type radiator was employed. These savings are of such great amount 
that we all look forward to the time when engineers are willing to accept the 
figures to be applied in actual practice. 


This investigation is a real step in the right direction. 
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EXPERIMENTS ON THE EFFECT OF SURFACE 
PAINTS ON RADIATOR PERFORMANCE 


By C. H. FessenpeN' AND AXEL Marin’, ANN Arsor, MICH. 
NON-MEMBERS 


Purpose 


"Te purpose of this paper is to describe the method used and present the 
results obtained during some recent investigations made at the Univer- 
sity of Michigan to determine the effect of certain paints on the amount 

of heat emitted by a radiator. 


The topic is not new. Prof. John R. Allen presented a paper® about eighteen 
years ago in which it was reported that paints having a flake metal base when 
applied to a cast-iron rectangle reduced the heat emission of the radiator as 
much as 25 per cent. Although the statement has frequently been made that 
the form and distribution of the surface of the radiator would influence such 
quantitative data, the erroneous impression seems to be rather widely spread 
that aluminum paint reduces the effectiveness of amy radiator by about 25 per 
cent. A later paper* by the same author stated that a two-column, 38-in. radi- 
ator, 10 sections long, when painted with aluminum bronze transmitted 200 Btu 
per sq ft per hour as compared with 240 for the bare cast-iron, a reduction of 
16.7 per cent. He further stated that 62 per cent of the 240 Btu emitted by such 
a radiator is transferred by convection and the remainder by radiation and 
that different paints influence only the amount of heat radiated and do not affect 
the amount transferred by convection. 


Some experiments to determine how much of the total heat emitted by a 
radiator is dissipated by radiation, reported’ by Allen and Rowley in 1920, 
include data which show the effects of paints. A two-column, 13 section, 38-in., 
cast-iron radiator was used and curves from the data indicate that if the total 
heat emitted by a clean unpainted radiator is called 100, a coat of aluminum 
paint will cause the total heat discharged to drop to 88, and a coat of black 
paint will increase it to 103. 


1 Professor of Mechanical Engineering, University of Michigan, Ann Arbor, Mich. 

2 Assistant Professor of Mechanical Engineering, University of Michigan, Ann Arbor, Mich. 

8 Proceedings, Third Annual Convention, National District Heating Association, 1911, p. 51, 
Coefficiencies of Heat ‘Transmission. 

4 Trans, A.S.H. & V.E., 1920, Vol. 26, p. 19. Heat Losses from Direct Radiation, J. R. Allen. 

5 Trans. A.S.H.&V.E., 1920, Vol. 26, p. 27, Radiant Heat Given Off by a Direct Radiator, 
Allen and Rowley. 

Presented at the Annual Meeting of the American Society oF HeatiING AND VENTILATING 
Enorineers, Chicago Ill., January, 1929. 
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About two years ago, additional data were presented® to this society by Prof. 
Severns which support the contention that flake metal paints reduce the heat 
emission. Quantitative values were given applying to a three-column, 6-section, 
Peerless radiator, 32 in. high, with 27 sq ft of surface. From these data the fol- 
lowing figures showing relative performance are assembled for comparison 
with the data previously publis' ed and with those about to be presented: 


Relative 
Finish Heat Emission 
Bare iron, foundry finish 
One coat aluminum bronze 90.4 
Gray paint dipped 100.6 
One coat dull black Pecora paint 99.6 


Radiators which are used for house heating are essentially convectors of heat. 





Fic. 1. ARRANGEMENT OF APPARATUS 


The heat carried away by air currents rising over and between the sections of 
the radiator is a larger percentage of the total heat dissipated than is the amount 
radiated. But the relative amounts of heat given out by convection and by 
radiation are dependent upon the form of the radiator. One made of a single 
horizontal pipe would discharge a much larger fraction of the total heat by 
radiation than would a wide, high radiator of many columns. 

Within the last few years some important changes have been made in radiator 
design and, since the older style was used in the experimental work previously 
reported, it is believed that additional data obtained with one of the newer de- 
signs will be of interest. 


General Plan 
Two identical radiators are installed as shown in Fig. 1 in such a way that 
they can be operated in unison under the same conditions. One radiator is left 


*Trans. A.S.H.&V.E., Vol. 33, p. 41, Comparative Tests of Radiator Finishes, W. H. Severns. 
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unpainted to serve as a standard of comparison and the other is coated with 
the paint being investigated. 

Each radiator has its own electrically heated boiler and is supplied with 
saturated steam at constant pressure and therefore constant temperature. 

The heat input to each boiler is measured electrically and this heat is all dis- 
sipated by the apparatus. Subtracting the boiler and pipe line loss from the heat 
input gives the amount emitted by the radiator. 


Test Room 

The room used for the experimental work has certain characteristics of sym- 
metry as shown in Fig. 2. It is 24 ft 4 in. by 22 ft 0 in. and 12 ft 8 in. high. 
Only one wall is exposed to outdoor weather conditions and this has two large 
windows 13 ft 4 in. apart, center to center. These windows and all openings into 
the room are kept closed during all tests. The room has no furniture except a 
table and a couple of chairs. 


Description. of the Radiators 

The two radiators are alike, each being a standard 10-section, 26-in. four- 
tube, cast-iron, capitol radiator, having a nominal heating surface of 27.50 sq 
ft and an actual surface of 27.12 sq ft. The total length of the 10 sections is 25 
in. and each section is 634 in. wide. 


Locations of the Radiators 

One radiator is installed under each of the two windows in the test room. 
Instead of resting directly on the floor of the room, each radiator is placed on 
an 8 ft by 6 ft platform 6 in. above the floor to give sufficient elevation for the 
return lines. 

A false wall of beaver board extending up as high as the window sill, behind 
the radiator, with a 3% in. air space between it and the brick wall of the build- 
ing, provides a smooth, unbroken surface from the platform to the window sill, 
and protects the radiator to some extent from the effects of varying brick-wall 
temperatures. The radiator stands 2% in. from the false wall with its top 7 in. 
below the window sill. 


Boilers and Pipe Lines 

The construction of the boiler is shown in Fig. 3. It is made of pipe and pipe 
fittings and is enclosed in a wooden box tightly packed with magnesia pipe 
covering to reduce heat loss as much as practicable. 

A Westinghouse heater of the bayonet type is located near the bottom of the 
boiler in such a position that it is completely immersed in the water. 

The steam passes from the upper section of the boiler to the top connection 
of the radiator and the water returns from the bottom connection, at the opposite 
end of the radiator, to the lower section of the boiler. Thus a complete circuit 
is provided and each radiator with its boiler constitutes a small, compact heating 
plant. 

The pipe lines are well insulated with hair felt. 


Temperature 
Thermometers are suspended in the room at the locations shown in Fig. 2, 
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with the bulbs 5 ft above the floor. There are eight such thermometers and 
the average of the eight is taken as the “room temperature.” 


At locations 3, 4 and 8, thermometers are also placed one foot above the floor. 


Thermometers are also located so as to give the temperature of the air enter- 
ing the radiator near the bottom, the temperature of the air six inches above 
the radiator, and the outdoor temperature. 


Heat Supply 


Saturated steam is furnished to each radiator by its boiler. The temperature 
of the steam supplied is maintained constant by means of a sensitive automatic 
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Fic. 2. Pian or Test Room (Cemine Heicut 12’-8’) 


switch controlled by the steam pressure. A rise in pressure and, therefore, in 
temperature, causes the electric heater to shut off; a drop in pressure causes it 
to come on. 


Pressure Control 


The arrangement of the apparatus for controlling the steam pressure is shown 
diagrammatically in Fig. 4. An inverted Y made of glass tubing (D) is held 
in position by an adjustable clamp. The upper leg of the Y is connected by 
rubber tubing (A) to the steam line from the boiler. Each of the other two 
legs is connected by rubber tubing (£) to a mercury bottle (E). The liquid 
head of mercury and the pressure in the steam line are always in balance. An 
electric conductor (G) is immersed in the mercury (F) and when the two legs 
of mercury join in (D) a 6-volt electric circuit is completed through the relay 

















ee 











Errect oF PAINTS ON RADIATOR PERFORMANCE, FESSENDEN AND Marin _ 123 


(J). ‘When the mercury divides in (D) this circuit is broken; with the low 
voltage, there is very little arcing in (D). 

The relay (J) is used to close or open the 220-volt circuit through the con- 
tactor switch (K). When the switch (K) is closed the heater in the boiler is 
on and when the switch is opened the heater is off. 

Suppose that the switch (B) is closed and the equipment in use; the pressure 
of the steam is as shown by the manometer (5) ; the mercury in the two legs of 
(D) is not bridged over but just fails to join. The heater is off. A slight drop 
in steam pressure is accompanied by a rise in the level of the mercury in (D). 
When the two legs join at (D) the heater comes on and the steam pressure 
rises and soon shuts the heater off again by breaking the circuit at (D). 
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Fic. 3. ExecrricALty Heatep Borer 


Thus heat is applied intermittently to maintain constant pressure and therefore 
constant temperature steam. 


Heat Measurement 


All the electrical energy supplied to the heater is dissipated as heat by the 
radiator, pipe lines and exterior surfaces of the boiler. This energy is measured 
by a special recording portable induction test meter, manufactured by the Gen- 
eral Electric Co., and designated as Type IB-6y. The recorded revolutions of 
the meter can be converted into British thermal units. Two such meters are 
used, one for each boiler. 

After obtaining the gross heat dissipated, the valves at the radiator connections 
are closed, the radiator is vented to atmosphere and the heat loss of the pipe 
lines and external surfaces of the boiler is determined by supplying heat electri- 
cally as before. This heat, designated as boiler and pipe line loss, is subtracted 
from the gross heat dissipated, to give the net heat emitted by the radiator alone. 


Paints 
Five different paints have been used in the experiments, vis.: 


(A) Aluminum Paint, manufactured by The Sherwin-Williams Co., Cleveland, 
Ohio. This paint consists of metallic pigment and a vehicle called Bronzing Liquid 
which is essentially a hard drying varnish thinned down to secure a proper working 
consistency. It is advertised as a protective, heat and water-resisting coating for metal 
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surfaces as gas engines, radiators, hot-water heaters, steam pipes, etc. It gives a bright 
silver finish. 

(B) Flat Brown Paint, “Mellotone,” manufactured by Lowe Brothers Co, Day- 
ton, Ohio. This paint is known as Brown 618. It is designed to produce a flat finish 
and has the following composition : 





Lithopone 30.5% 
Silica and Silicates 20.8% 
Lead chromate 8.3% 
Ferric oxide 2.4% 
Calcium sulphate 4.9% 
Calcium carbonate 0.7% 
Carbon 0.2% 
Linseed oil 10.7% 
Thinning japan 21.5% 

100.0% 


(C) Flat Tone—Cream. This paint, manufactured by the Sherwin-Williams Co. 
consists of : 














Pigment, by weight 69% 
Liquid 31% 
100% 

The composition of the pigment is: 
Lithopone 82% § Zinc Sulphide 28% 
Magnesium Silicate 18% | Barium Sulphate 72% 
100% 100% 

Composition of liquid: 

Linseed Oil 29% 
Drier 14% 
Mineral Spirits 57% 
100% 


(G) Liquid Gold, manufactured by The Sherwin-Williams Co. The description 
oe above for Aluminum Paint applies also to Liquid Gold. It gives a bright gold 
finish. 


(W) Véitralite, manufactured by Robert Ingham Clark & Co., London, and de- 
scribed as White-Gloss Enamel. 


A surface painted with aluminum paint when magnified one hundred times 
has a rough, irregular appearance, somewhat like the surface of a leveled pile 
of anthracite coal when view from a distance of about 50 ft. 

A coating of liquid gold magnified one hundred times has the same character- 
istics of roughness as the aluminum paint, but on account of its color it resembles 
a closely packed mass of brass shavings. 

Flat tone cream paint presents a surface under the microscope which is much 
smoother than those of the flake metal paints. It has the appearance of cake 
frosting. Flat brown paint gives a similar surface but a little rougher like the 
top of ginger-bread. 

These surfaces have the same appearance whether the paint is sprayed on or 
is applied with a brush. 


Tests 
Test No. 1 was a preliminary test and is therefore not reported, 
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In Test No. 2 both radiators were unpainted and’the performance reported is 
for clean cast-iron, foundry finish. For Test No. 3 one of the radiators was given 
a single coat of aluminum paint sprayed on. Preceding the next test a coat of 
gold bronze was applied over the aluminum. Two tests (Nos. 4 and 5) were 
made with this finish and then a coat of flat tone cream was added for Test 
No. 6. Then aluminum was applied on top of the cream for Tests 7, 8 and 9. 
Test 10 was made with an added coat of brown and Test 11 with white enamel 
on the brown. Having built up six coats, all of different paints and all sprayed 
on, it was decided to remove all of the paint and start again on some check tests. 

After a thorough cleaning, down to the bare metal, two coats of white enamel 
were applied with a brush for Test No. 12. Next, a coat of aluminum, followed 
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by brown, then go!d and finally cream, each sprayed on, was applied for Tests, 
13, 14, 15 and 16, respectively. 

Heat was kept on the apparatus for several hours preceding any test in order 
to establish conditions of equilibrium. The actual test was in no case less than 
one hour duration; usually it was longer. Simultaneous temperatures at the 
eight 5 ft. elevation seldom differed by as much as 1 deg. Readings were taken 
at 10-minute intervals, and the test was continued until the meter readings re- 
cording the heat input showed consistent results for at least an hour. For 
further assurance the tests were frequently extended over several hours. The 
instruments used were calibrated. 


Results 


Table 1 is a summary of the results. All the tests made, except Test No. 1, 
are reported. The radiator left unpainted to serve as the standard throughout 
the tests is designated as No. 1, and the other one which has been given various 
paint finishes is called No. 2, 
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The steam temperature is determined from the ‘pressure shown by the com- 
bined readings of the barometer, and the manometer on the steam line supplying 
the radiator. The room temperature is the average of the readings of the eight 
thermometers located as previously described. 

For convenience the kind of paint is designated by its initial letter, such as 
A for aluminum, B for brown, C for cream, G for gold and W for white. 
The designation A-G-C-A means a coat of aluminum followed by a coat of 


TABLE 2. CONDENSED SUMMARY 





Heat 





Paint on | Emission 
Test No. Radiator No. 2 | Relative 
2 None 100.0 
3 A | 92.0 
7 A-G-C-A | 95.3 
8 A-G-C-A 94.7 
9 A-G-C-A 93.7 
13 W-W-A 92.9 
Av. 93.7 
4 A-G 90.2 
5 A-G 93.5 
15 W-W-A-B-G 94.2 
Av. 92.6 
6 A-G-C 104.9 
16 W-W-A-B-G-C 103.1 
Av. 104.0 
10 A-G-C-A-B 104.7 
14 W-W-A-B 104.9 
Av. 1048 
11 A-G-C-A-B-W 103.6 
12 W-W 100.8 
Av. 102.2 











gold, then cream, then aluminum again, making a composite of four successive 
coats in the order given. 

The heat emitted is reported for the temperatures prevailing during the test 
and is not corrected to a basis of 70 F room temperature. 

If the conversion factors adopted by the A.S.H.V.E. are applied to both 
radiators their relative performance will not be changed. 

However, the curves of Fig. 5 which show the heat dissipated per hour plotted 
against room temperatures are extended to 70 F. 

Only the final coat influences the heat emission, as evidenced by Tests 5 to 11 
inclusive. In Test 5 the finishing coat on Radiator No. 2 was liquid gold and 
the relative performance 93.5. For Test 6 a coat of cream was added and the 
relative performance increased to 104.9. On top of the cream a coat of alum- 
inum was applied for Tests 7, 8 and 9, and the relative performance dropped 
again to 94.6 (average of 95.3, 94.7 and 93.7). When a coat of brown was added 
for Test 10 the relative performance increased again to 104.7. With white 
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applied on top of the brown for Test 11 the relative performance was 103.6, 
practically unchanged. 

Table 2 is arranged to group the data according to the final finishing coat. 
The only results that show much disagreement with the others are those for 
Tests 4 and 12. If Test 4 is omitted and the liquid-gold group included with 
the aluminum group, the average for all tests with flake metal paints becomes 
93.8; if Test 4 is included the average is 93.3. Similarly, if the last three groups 
are combined, the average, omitting Test 12, is 104.2; if Test 12 is included 
the average is 103.7. 

Fig. 5 shows the heat dissipated per hour plotted against room temperature. 
The lines converge somewhat for increased room temperatures. Presumably 
they should curve slightly and join when the temperature of the air surrounding 
the radiator equals the temperature of the steam, and the heat transfer is zero. 

Most of the tests were conducted when the room temperature was in the 
neighborhood of 80 to 82 F. At 80 F if radiators having the proportions of 
the ones used in these tests are given a surface coat of flake metal paint, their 
ability to emit heat will be about 10 per cent less than if the surface coat is one 
of the colored pigment paints described in this paper. At a room temperature of 
70 F, taking the values from Fig. 5, the reduction would be about 13 per cent. 


DISCUSSION 


M. T. CLow (Written): Would there be any differences between the effect 
of surface paints on the older style of radiation and on the newer style, if the 
ratio of radiating (or enveloping) surface to actual surface is the same, and if 
so, why? Since the effect of a surface paint on radiator performance is de- 
pendent upon the proportions of the radiator, it seems to me that it would be 
more convenient to express the effect of the surface paint on the heat trans- 
mission of the radiating instead of the actual surface, which effect would be the 
same for every radiator. Then, to determine the effect of any surface paint on 
the heat transmission of the actual surface of any radiator, multiply the increase 
or decrease in the heat transmission of the radiating surface by the ratio of 
radiating to actual surface. . 

I would like to ask the authors to explain the variations which occur in the 
results obtained from several tests of the same surface paint. For instance, 
why is it that Test No. 7 shows a smaller reduction in heat transmission of 
aluminum paint than test No. 3 in spite of the fact that the room temperature 
was lower in Test No. 7 than in Test No. 3? Also, why is the boiler and piping 
loss higher for radiator No. 1, Test No. 3 than for radiator No. 1, Test No. 2, 
in spite of the fact that the temperature difference between the steam and the 
room is lower in Test No. 3? 

What is the variation in steam temperature between the opening and closing 
of the circuit in the electrical control of the apparatus? 

Would one be justified in drawing the following general conclusion from 
the test data reported in this paper? All flake metal paints reduce the heat 
transmission of cast-iron radiators and all other paints increase the heat trans- 
mission of cast-iron radiators. 

On page 121 of the paper under the heading Temperature, it is said that the 
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temperature of the air was taken as it entered the radiator at the bottom and 
as it left the radiator at the top. I would like to ask the authors what these 
temperatures were. I think such temperatures. are imporant because they may 
be indicative of the relative heating effect of high and low, wide and narrow 
radiators. 


H. E. Lonewett (Written): While I am not convinced that the paper 
proves very conclusively anything about the effect of surface paints on radiator 
performance, I, nevertheless, regard it as a most interesting and edifying con- 
tribution, in that it demonstrates so forcibly the difficulties and uncertainties 
of measuring with any considerable degree of accuracy, the heat emission of 
the conventional cast-iron radiator. 


At first sight the arrangements for testing appear to be ideal. Yet on analysis, 
the results of the experiments show variations that are decidedly violent, er- 
ratic, and difficult to account for. 

Confining our attention for the moment to the series of fifteen tests on radiator 
No. 1, which is unpainted, we should expect the hourly gross heat loss per degree 
of difference between 215 F and the temperature of the room, to be fairly con- 
stant. Yet in Test No. 10 the gross heat loss per deg is 51.442 Btu while in 
Test No. 6 it is 56.336 Btu—a difference of 9% per cent. The difference be- 
tween the steam temperature and the room temperature in Test No. 6 is sub- 
stantially 9 deg higher than in Test No. 10. Naturally we would expect some 
increase in the heat loss per degree, with the increasing temperature difference, 
because of the more rapid circulation of the air, but we have believed that this 
difference does not exceed 2 per cent for an increase of 10 deg in the tempera- 
ture difference between the steam and the surrounding air. The comparison 
between Tests No. 10 and No. 6 opens up the interesting speculation as to 
whether the effect of the difference between room temperature and steam tem- 
perature may not be several times as great as we have suspected. 


Similarly we should expect the boiler and piping loss per degree of tempera- 
ture difference to be fairly uniform, provided of course, that the set-up was not 
changed during the entire series of tests, and the same boiler was used in the 
same location throughout, as good practice demands in investigations of this 
nature. However, this loss per deg appears to be 5.4758 Btu in Test No. 13, 
and 8.3983 Btu in Test No. 7, an increase of over 53 per cent, with temperature 
differences varying less than one-half degree. 


In six of the tests the heat loss from boiler No. 1 is less than from boiler 
No. 2, and in the 9 remaining tests the heat loss from boiler No. 2 is the lower. 
This circumstance in connection with the fact that the boilers are apparently 
identical in every detail, would lead us to expect that there should be no signif- 
icant difference in the heat loss between the averages of each of the two series 
of fifteen tests, each pair having been made simultaneously and under the same 
conditions. Nevertheless the average of the series made on the No. 1 boiler, is 
substantially 10 per cent greater than the average of the series made on the 
No. 2 boiler. 


In Test No. 5 the greater heat emission of the painted radiator is accounted 
for entirely by the apparently greater heat loss from the No. 1 boiler. As a 
matter of fact the reported gross heat output of the No. 2 radiator and boiler 
combined, is even slightly less than that of the No. 1 unit. 
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It must be admitted that the computed results of these tests show remarkable 
agreement with our accepted theories about the effect of radiator paints; but 
it is difficult to account for this agreement on any hypothesis other than that 
of accidental coincidence. Test results that vary as much as 10 per cent, are 
not very convincing for measuring differences which lie wholly between the 
limits of 0 and 8 per cent. 


It might be helpful to study again the test set-up in order to see if we can 
discover any probable weaknesses that might account for the apparently illogi- 
cal results of the experiments. The following points are suggested for consid- 
eration: 

1. Since the test for the heat loss from the boiler is made by isolating the 
radiator by means of stop valves on the supply and return pipes, a trifling leak in 
either or both of these valves might have a marked effect on the apparent measurement. 

2. The heat loss from the boiler, as reported is, in terms of electrical units, a 
very small quantity, ranging between 0.22 and 0.36 kw per hour. Is the electric 
meter used, sufficiently delicate and sensitive to measure such small quantities within 
a relatively negligible limit of error? Even the maximum load of boiler and radiator 
combined does not exceed 2.2 kw per hour. 

3. The supply of electric current is intermittent, and the duration of these periods 
of supply, and the length of the intervals between them are not stated. Is it certain 
that the meter will sum up these intermittent supplies of energy with the same degree 
of nr that it would register the total of a continuous flow throughout the test 
perio 

4. The radiators under vest are located immediately beneath windows. Might 
it not be possible that changing weather conditions, especially the direction and force 
of winds might alter the actual heat emission to a measureable degree? Is it not 
possible that there might be a marked and variable difference in the infiltration in and 
about these windows? 

Personally I should be inclined to suspect first the accuracy of the electric 
meter as a measure of energy delivered at frequent intervals in periods of per- 
haps unusually short duration. This may be a condition not usually met with in 
meter practice, and it may not have been fully investigated by meter engineers. 
I should suspect that the inertia of the meter mechanism might seriously affect 
the integrity of the measurements. 


In conclusion, I fear—very much to my regret—that it would be hopeless 
for me to ask the authors to believe that I have not reviewed this paper in 
any hostile spirit, but such is really the case. This Society has become so 
accustomed to receiving reports of results of tests, that it is refreshing to en- 
counter a report, which, regardless of possible consequences, is not stripped of 
its originally observed data, but affords anyone who is interested, an opportunity 
to make his own computations and deductions, with a full knowledge of the 
amount of selection and rationalization that is necessary to line these data up 
into smooth orderly curves. I believe that progress would be more rapid, and 
discussion more active, interesting and constructive, if we had more reports 
telling the whole story as this one does; and I believe that the Society is richer 
by reason of its presentation. 

From my own experience, I doubt if we really have any data on the heat 
emission of radiators that is much more consistent than that contained in this 
paper. 

The method of test appealed to me most strongly as offering the best pros- 
pects for obtaining data that would satisfy the most captious critic. Perhaps I 
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am unduly disappointed over the apparent results so far. Nevertheless I am 
still convinced that the authors are on the right track, and that eventually some 
further development or refinement of this plan will give us more dependable, 
complete and satisfying knowledge in this line of research, than we have ever 
had before. 

A. I. Brown (Written): The authors of this interesting paper state that 
its purpose is two-fold; namely, to describe the methods and to present the 
results. 

The method is of particular interest, and in the matter of manipulation of 
apparatus for repeated tests, it appears less cumbersome than the common 
method of weighing condensation. A study of the data obtained in the fifteen 
tests of the bare radiator No. 1, however, suggests the question as to whether 
the results are as accurate as those obtained by the more common and more 
direct method. 

The total amount of heat supplied to the boiler, piping, and bare radiator 
No. 1, per degree difference between the steam and room temperature ranges 
from 51.4 to 56.3 Btu. Variation in these values is due partly to variation in 
the temperature differential, as indicated by a comparison of tests Nos. 6 and 3. 
The temperature differential in test No. 6 is 9.8 F, or 7% per cent higher than 
in test No. 3, but the total heat loss tor test No. 6 is more than 14 per cent 
higher than in test No. 3. Comparison of tests Nos. 14 and 3, however, show 
practically equal rates of heat loss per degree, namely, 52.8 Btu for test No. 14 
and 52.9 Btu for test No. 3, although the temperature difference between the 
steam and room is 5.9 F or 4.55 per cent higher for test No. 14 than for test 
No. 3. ! 

These differences in rate of heat loss may be due to differences in humidity 
of the atmosphere for which no data are recorded in the paper, but this factor 
cannot account for the great differences in the values shown by the loss from 
boiler No. 1 and piping. The value of 1070 Btu for test No. 6 is apparently a 
typographical error and should be 1170 Btu, and this value is 58% per cent 
higher than the value of 738 Btu for tests Nos. 12 and 13. This variation 
amounts to more than 6 per cent of the average gross amount of heat supplied 
to the boiler piping and radiator in the fifteen tests. It is significant to note 
that a sudden rise in the values of heat loss from boiler and piping occurs in 
test No. 6 and the values then gradually decrease to a minimum in test No. 13. 
One might suspect a small leak in the radiator valves, which of course could 
be detected by a drain connection in the radiator, but such a leak would hardly 
seem probable with steam at such a low pressure, and it is possible that the 
variation in values is due to some changes in piping or heat insulation which 
the authors have not mentioned. 

Corresponding values of heat loss from Boiler No. 2 and piping are much 
more uniform, but still the variation between maximum and minimum values 
amounts to more than 2 per cent of the average gross heat supplied to the boiler, 
piping, and radiator. 

These unaccounted-for variations of possibly 6 per cent or of even 2 per cent 
are larger than should be expected in tests of the effect of paint on radiator 
performance. 

The residual heat of an electric heater of the type used is probably of the 
order of 50 Btu, and if the temperature of the heating element is not the same 
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at the end as at the beginning of the test, an error of this magnitude may result. 
Two tests with the error in opposite directions would show an appreciable dis- 
agreement. It would, therefore, seem to be essential to start and end all tests 
at a definite interval of time after the electrical circuit is closed or opened. 
Otherwise, this chance for error could be reduced by rheostat regulation of the 
electric input to the heater so as to reduce to a minimum the amount of residual 
heat in the heating element. 

The authors’ illustrations of the arrangement of apparatus, Figs. 1 and 4, 
show the manometers and pressure regulating switch located above the radi- 
ators. The connecting tubes, several feet in length, may be filled either with 
steam or with condensation in uncertain amounts, thereby influencing the indica- 
tion of pressure. A similar riser, connection, 10 ft in height and made of pipe 
as large as % in. standard, is known to have entirely filled with condensation. 
As a precaution against this source of error a preferred location for such 
manometers is below the connection into the steam line, so that a definite column 
of water exists on one side of the manometer. 

In radiator testing by the more common method of weighing the condensate, 
the greatest source of error is usually that due to variations in the quality of 
steam supplied. Here, however, the amount of moisture in the steam supply 
seldom is more than 5 per cent, and a good separator in the line will easily 
remove 90 per cent of this moisture; the remaining moisture, when assumed to 
be dry steam, therefore represents less than %4 of one per cent of the total heat 
supplied. Where high-pressure steam is available even greater accuracy is possible 
by separating the moisture from the high-pressure line and then throttling so 
as to maintain a few degrees of superheat near the radiator inlet valve. Even 
10 F of superheat represents an increase in heat content of less than % of one 
per cent. With no element of uncertainty, but by a little adjustment of the 
pressure at the steam separator or by variation in the amount of heat insulation 
on the steam supply line, it is not difficult to regulate the degree of superheat 
to as low as 2 or 3 F. 

The method described in this paper, however, surely warrants further in- 
vestigation and appears to involve no inherent difficulties which would prevent 
a high degree of accuracy. It is hoped that further development and refinement 
of this scheme will make it possible to duplicate results with greater accuracy 
and facility than are possible with present methods. 

F. B. Row.ey: I think the subject has been very well covered and is clear 
in most of our minds. 

Some years ago we performed some similar experiments at the University 
of Minnesota in which we placed the radiators in a vacuum in order to separate 
the radiant from the convected heat. We found that practically all of the 
difference that is shown for the various paints was due to the reduction in the 
radiant heat. The amount of heat given off by convection was substantially the 
same in all cases. Our findings in the total reduction were similar to those 
given by Professor Fessenden. 

H. P. Rep: I would like to ask the authors whether or not these radiators 
were completely painted or painted only against the eye. In other words, the 
average radiator as painted in the home is only painted on the exposed surfaces, 
as shown. Were these radiators completely covered with paint? If so, would 
not this affect the application of these data? 
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E. K. Campset: In view of the fact brought out by Professor Rowley that 
this affects only the radiant heat of the radiator and not the convected, I would 
like to ask what is the net reduction in the heating value of the radiator as a 
whole. 

E. B. Royer: I would like to ask if anyone has figured the actual effective 
heat in this case. It seems to me that the whole story is not told by the con- 
densation, as in the first paper this morning it was shown that it was not the 
condensation of a radiator that affected the comfort of the room. 

It appears that aluminum paint not only decreases the condensation of the 
radiator but, further, makes an even greater difference than shown by the fig- 
ures, in the actual comfort of the room, that is, you do not get as much radiant 
heat which is very effective. 

M. Barry Watson: In this connection, I would like to inquire whether any 
attempt had been made to determine the difference due to surface paint with the 
low temperature radiators. This would apply in the case of hot water heating 
or in the case of low temperature steam heating systems which are now be- 
coming more or less popular. It is generally conceded that the convected heat 
is nearly in proportion to the difference in temperature between the air and the 
radiator, whereas the radiant heat is not in that same proportion. Is this feature 
of surface paint an important feature in low temperature radiators, or is it of 
negligible importance ? 

C. H. Fessenpen: Some fraction of the total heat emitted by the radiator 
is given off as radiant heat; the magnitude of the fraction is influenced by the 
form of the radiator. A low, long radiator would transmit by radiation a larger 
fraction of the total heat emitted than a high, short-radiator having the same 
amount of surface. 

Under the influence of the pressure control, the maximum variation in the 
manometer reading was about two-tenths of an inch, i. e., plus or minus one- 
tenth. This corresponds to about a third of a degree in temperature. 


The temperatures above and below the radiators were as follows: 


























Test No. Temperatures, Degrees Fahrenheit 
Radiator No. 1 Radiator No. 2 
Above | Below Above | Below 
2 120.7 96.4 124.2 95.3 
3 124.1 100.7 126.8 92.6 
4 122.2 97.2 124.8 92.0 
5 121.6 97.5 125.0 90.0 
6 118.8 89.0 120.3 87.7 
7 119.5 96.8 123.0 87.6 
8 120.0 95.0 121.4 89.7 
9 121.5 94.6 121.4 87.1 
10 128.0 99.9 126.0 95.4 
11 127.3 94.9 129.3 91.3 
12 122.7 90.6 128.1 87.1 
13 121.4 84.6 125.3 83.1 
14 119.7 89.3 125.0 88.5 
15 120.7 91.5 127.5 86.3 
16 118.5 87.8 121.9 89.0 











The entire surface of the radiator was painted. 
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I would not draw the general conclusion from these tests that all flake metal 
paints would produce the same effect as the two used in these experiments, nor 
that all non-flake metal paints would give the same results as the ones we 
used. 


The boiler and piping loss for the unpainted unit (No.1) was not so uniform 
throughout the series of tests as the loss for unit No. 2. This was due in part to 
steam climbing a portion of the hose connection to the pressure regulator and, 
by keeping that part at the hose hot, adding to the heat loss. When this occurred 
it was present during the main test as well as during the boiler and piping loss 
test. Whether it was the same for both the main test and the piping loss test 
was a matter of judgment arrived at by noting the length of hose that was hot. 
In test No. 7 particularly, and to some extent in No. 8, the boiler and piping loss 
for the unpainted radiator seems to be high. This was taken into account in 
drawing the curves of Fig. 5. 

Mr. CAMPBELL: Were you referring to net reduction in the heating value 
of the radiator? 


ProFEssor FEsSENDEN: No separation has been made between the radiant 
heat and the convected heat. The heat measured was the total heat emitted in 
any manner. 

Mr. CAMPBELL: Measured by condensation ? 


PROFESSOR FESSENDEN: No, we measured the heat supplied electrically and 
converted it to Btu. 


The meters used were practically new. They were calibrated before and 
after the tests. One was correct within 0.1 per cent and the other within 0.9 
per cent. The meter correction was included in computing the results. 


The interval of operation was approximately every half minute; you will 
readily see, therefore, that no large amount of heat could remain stored in 
the heating element. 


In testing the meters the intermittent operation was taken into account. The 
circuit was interrupted every half minute for a considerable period and the 
accumulated meter reading compared with the reading of the meter when oper- 
ated continuously for the same total time; the difference was less than 0.2 per 
cent. 


The two boilers are similar but not exact duplicates and the amount of piping 
connecting the boiler with the radiator is not exactly the same for the two 
installations. So it is improper to compare No. 1 boiler and piping loss with 
No. 2 boiler and piping loss. 


The boiler and piping loss for the painted radiator shows less variation than 
for the unpainted radiator. While preparations were being made for one of 
the tests the hair-felt surrounding the heater connections on No. 1 piping caught 
fire and had to be renewed. Preceding test No. 12 the pipe lagging on both 
installations was improved. 

The paper presented by Professor Kratz showed that the walls of the special 
test room absorbed heat over a long period and that about 24 hours was required 
to establish stable conditions. When a radiator is installed in an ordinary room 
where the temperature gradient through the walls cannot be controlled it will 
not necessarily emit the same amount of heat on two different days even 
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though the steam and air temperatures are the same during the two tests. In 
one case the walls may absorb more heat than in the other and the radiator 
must supply the extra demand. A twenty-four preliminary run with the expec- 
tation of establishing stable conditions would lead to disappointment because, 
with varying outdoor weather influences, a stable wall condition cannot be ob- 
tained. But if two radiators are tested at the same time they can be operated 
under the influences of the same conditions and the results are then com- 
parable. 

PRESIDENT WILLARD: It is a matter of very great satisfaction to find that 
Professors Fessenden and Marin, of the University of Michigan, are carrying 
forward the work so ably started many years ago by Prof. John R. Allen, Dean 
of the University, first director of the Research Laboratory of the Society, a 
distinguished investigator himself, a man who left his imprint, left his per- 
sonality on this Society in a way that almost no other man has done. There 
has hardly been a session of the A. S. H. V. E. at which the University of 
Michigan has not had one or more conspicuous papers, contributions to our 
knowledge of the subject of heating and ventilation. 


I wish to thank Professors Fessenden and Marin for their paper. 
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ARCHITECTURAL ASPECTS OF CONCEALED 
HEATERS 


By J. H. Mitirken,; Cuicaco, Itt., and H. C. Murpuy,? Loutsvitte, Ky. 


MEMBERS 


HE development of the extended surface type of concealed heaters has 
shown remarkable progress in the last few years. No attempt will be 
made in this paper to consider details of design, construction or effi- 

ciency of the various types of heaters now on the market, nor is it the purpose 
of this paper to consider the relative efficiency of this recent development as 
compared with cast iron radiation. Numerous exhaustive and carefully con- 
ducted tests have shown this nonferrous type of extended surface heating unit 
to be entirely practical, and the consensus of opinion of architects, engineers 
and owners who have installed these new types seems to be favorable. 


Rather, it is the intention of this paper to point out the possibilities which 
this new method of heating offers the engineer in meeting the growing demands 
from the architect and owner for a heating system that, while efficient, shall 
be unobtrusive, and which will not detract from the general decorative scheme. 


There are certain fundamental differences between extended surface or con- 
vection heaters and exposed cast-iron radiators and certain claims of advantage 
attributed to the former must be considered by the designer in relation to its 
installation. It will be well at this point to give a typical descripion of this 
equipment and its operation. As far as the boiler and piping arrangements are 
concerned, there is no real difference. The same boiler size and essentially the 
same piping arrangement is used with either system. In fact it is quite usual to 
install the extended surface type of heater in some selected rooms of the house 
and cast-iron radiators in others, such as the kitchen and service rooms. 


Broadly speaking, the new system is designed to heat by convection as op- 
posed to heating by radiation. It is true that much of the heat emanated by the 
cast-iron radiator is transmitted by convection. In fact Allen and Rowley report 
in the JOURNAL OF THE AMERICAN Society oF Heatinc & VENTILATING EN- 
GINEERS, Vol. 26, p. 103, 1920, as high as 73 per cent by convection as against 
27 per cent by radiation. The new heaters therefore are designed specifically— 
and with the principal purpose of utilizing to the fullest extent the convection 


1 Chicago Manager, Circulair Heat, Inc. 

* Vice-Pres., Circulair Heat, Inc., Louisville, Ky. 

Presented at the Annual Meeting of the American Society or HEATING AND VENTILATING 
Encinegrs, Chicago, January, 1929. 
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currents of air as a vehicle in the distribution of heat. A diagram showing 
some typical heating units now on the market is given in Fig. 1. 

These do not by any means represent all the different types available, but will 
assist in studying the fundamental principles involved. 

The depth of the heating arrangement is fixed by standard building practice 
in that heaters are designed to go in walls having 2 x 4 in., 2 x 6 in. or 2 x 8 in. 
studding. While the thickness of the wall fixed the depth of the heater and 
consequently imposed that limiting dimension on the extended surface, the most 
efficient height of the fins or plates had to be determined by test and experiment. 
The spacing of the fins or plates was determined by the resistance to air flow 
and thickness of the plates. It was found, however, that the thickness of the 
fins or plates themselves had very little effect on the efficiency of heat transfer. 
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Fic. 1. Diagram SHowING TypicaL Heatine Units 
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The heating element is made of a metal having a high coefficient of con- 
ductivity and carries on its outer surface extension plates or fins which rapidly 
effect the transfer of heat from the steam to the air between these extended sur- 
faces. As the air is heated it rises rapidly, being displaced by the colder air 
which flows in the intake at the floor level. The heated air rises through a sheet 
metal duct or stack to the outlet grille, where a curved deflector projects it into 
the zone of occupancy. The diagram given herewith illustrates the method of 
distribution of heat by convection from the extended surface heater—or con- 
vector—as opposed to heat transfer by convection with the cast-iron radiator. 

Investigation has shown that with the new method heat may be distributed 
much more evenly throughout the zone of occupancy often with a temperature 
difference of less than 5 F between floor and ceiling as compared with as much 
as 15 F with the cast-iron radiator depending, of course, upon the proper 
placement of heaters and outlet grilles. 

The advantages claimed for this method are that it provides air circulation 
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in the room uniformly heating the zone of occupancy with elimination of exces- 
sive ceiling temperatures and overheating in the immediate vicinity of the heater. 

A thorough investigation and comparison of the performance of cast-iron 
radiators with and without enclosures has been conducted by Professor Willard 
in the laboratories at the University of Illinois. 

The chart given here indicates the comparative demands upon the boiler 
for heating up of a typical convection heating unit as compared with a cast-iron 
radiator. The radiator curve shown by a dotted line is taken from page 74 of 
the A.S.H.&V.E. Guipe, 1928. The curve for the convection heater shown by 
the full line was developed by tests in the laboratory of a manufacturer of ex- 
tended surface heaters. In considering boiler load THe Guine states: 


It is often very important to know the maximum condensation that occurs in a radia- 
tor when steam is turned on. The chart shows the condensation rate in pounds per hour 


Demand Upon Boiler During Heating Up Period 
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Fic. 2. DiacRAM SHOWING CONVECTION HEATING 


for the time elapsing after the steam is turned into the radiator. It will be noticed that 
the maximum condensation in the radiator occurs 10 min after steam is turned on, 
and in that case it amounts to about three and one-half times normal condensation. 
After the end of 25 min the radiator had reached a normal rate of condensation. 
This curve was made from observations at intervals of 10 min so that the intermedi- 
ate points between the 10-min points are not known, and the form of the curve is 
not exact. It shows, however, that when a plant is initially started up and the system 
filled with steam during a short period of time the demand made upon the boiler may 
be very much higher than the normai demand. In practice the rate of steam supply 
to the radiator while heating up is, however, frequently retarded by controlled elimina- 
tion of air through air valves or traps and if sufficient time is allowed for the heating- 
up process, overload on the boiler may be practically eliminated. 


It will be noticed that the maximum condensation with the extended surface 
heater occurred five minutes from the time steam was turned on and that the 
normal rate of condensation was reached in eight minutes. 

In heating up the convection heater unit there is, of course, much less air to 
be displaced than in the cast-iron radiator and a consequent shortening of the 
time required for heating up—five minutes as compared to 25 min—and for the 
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same reason the convection heater requires less time to cool when the unit is 
shut off. 

Many ingenious systems of piping, valves, traps, etc., have been developed to 
insure proper heat regulation and modulation. Most of these systems were 
handicapped in their operation by the cast-iron radiator because of the great 
mass of iron which had to be heated—and cooled—before the regulation became 
effective, frequently causing impatient comments about the “janitor,” the “boiler” 
or the “Heating system,” and an attempt to regulate the heat by opening the 
window. With the extended surface heater the response to control is more 
rapid, and positive heat regulation and modulation is readily accomplished. 
There is not the usual waiting for the “radiator” to heat up—or cool off—some- 
thing that is especially desirable in bedrooms where the heat is shut off at night 
but required immediately upon arising. 

With the brief description given of the basic differences and essential require- 
ments of this new heating method, the details of the installation and the method 
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Fic. 3. 


of applying it to concrete problems can be considered. While the design of 
various units now available naturally differs in many respects, the writers have 
selected a type with which they are familiar, and which is fairly representative 
of this new type of equipment. 

Stack effect is of the utmost importance in this new development. The in- 
tensity of its action depends upon the height of the stack and the difference 
in temperature between the heated air and the air entering the units. The effi- 
ciency of the units therefore depends considerably upon proper installation and 
consideration in the layout and design. 

In general the length of the heater and the height of the stack are dependent 
upon the available wall space and the heating capacity required within reason- 
able limits, the higher the stacks the greater the capacity of the heater, provided 
the stacks are well insulated from heat losses. 

In consideration of the foregoing the writers believe that for this method to 
be successful it is essential that there be close cooperation between the building 
designer and the heating manufacturer so that proper locations and proper allot- 
ments of space can be made for the necessary heaters. For instance, if the plans 
are completed and concealed heaters are then considered, it may be found that 




















Wiiaa 


ARCHITECTURAL ASPECTS OF HEATERS, MILLIKEN AND MurpHy 141 


some spaces available for the heater are so narrow as to require a stack height 
in order to have the necessary Btu delivery that will be inconsistent with the 
best circulation in the room or vice versa. Furthermore if the installation of 
the heaters is considered in the initial design the outlet grilles can be worked 
up in a harmonious arrangement with other openings and decorations in the 
rooms to render them entirely inconspicuous. Also, wall details may be many 
times arranged so that increased wall thickness can be obtained where heaters 





Fic. 4. Entrance Hatt Eguiprep with CoNncEALED HEATERS 


of large size are required thereby cutting down the spread of inlet and outlet 
openings. 

Heating the entrance hall has always presented a problem. Heat is needed— 
plentifully—but sufficient space for large heating units is frequently unavailable. 
The photograph, Fig. 4, illustrates the method used by an engineer in the 
middle west. The hall floor is of colored tile; the inlet is framed in tile; and 
the outlet grille harmonizes well with the decorative scheme. The heating unit 
is entirely concealed in the wall, does not occupy any floor space and has given 
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Fic. 5. Recess FRAMED IN WALL TO ACCOMMODATE HEATER AND STACK 


entire satisfaction both to the architect and owner. Note the well proportioned 
inlet and outlet openings, a feature which should be given careful attention. 
Sometimes in an effort to secure an especially attractive outlet or inlet grille 
pattern, a design is used which materially cuts down the free opening at the inlet 
or outlet. This seriously reduces the efficiency of the heater. The recom- 
mendations of the heater manufacturer should be followed very carefully in this 
respect. The installation of concealed heaters involves very little additional 
planning or labor, but as the procedure of framing in, placing the heater and 
the piping, lathing and plastering are new to some workmen, strict attention to 
the printed instructions accompanying the heater should be observed. The 
photographs, Figs. 5 to 7, show the progressive steps of framing in, placing of 
the heater and piping and plastering in. 

The heating installation is finished well in advance of other parts of the build- 
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ing work—before the plastering, interior woodwork, etc., allowing heat to be 
supplied when necessary in the progress of building by the heaters in their 
permanent position. 

There are many situations where “in the wall” heaters solve a difficult situ- 
ation—for instance the installations shown by Figs..8 and 9 offer a practical 
solution of a difficult problem. 

In this connection it might be well to consider the conveniences possible with 
the substitution of convection heaters in tall cabinets where existing radiator 
installations are unsatisfactory due to their radiant effect upon the surrounding 





Fic. 7. Unit PLASTERED IN WITH INLET AND OuTLet REapy For GRILLES 


furniture or occupants of the room. It is often possible at a relatively small 
expense to prevent overheating in the immediate neighborhood of exposed radi- 
ators and eliminate poor circulation of heat throughout the room. The con- 
vection heater makes not only the space near the heater more comfortable, but 
assists materially in the proper circulation of heat through the space of occu- 
pancy. Even when a radiator under a window is found objectionable the adja- 
cent spaces can be made more comfortable and healthful by extending the steam 
pipes to the nearest available wall space for the installation of a heater in a 
cabinet. 


Fig. 10 illustrates the convenience and beauty of a concealed heater in a bath- 
room, its saving in space—where space is generally at a premium. 

Many owners of fine apartment buildings find that their apartments rent 
quicker with concealed heaters. The treatment of an apartment lobby in New 
York City is shown in Fig. 11. The black enameled inlet grille blends perfectly 
with the black marble baseboard; the outlet grille, enameled white, is unob- 
trusive. The breakfast room shown here has a removable wall panel for access 
to the piping connections. 

The concealed heater has wide appeal to designers and interior decorators 
as they have an ever-increasing tendency to harmonize the necessary mechanical 
utilities of the home with the other architectural treatment. 
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Fic. 12. INSTALLATION or CONCEALED HEATERS WITH 
ReMovABLE Access PANELS IN BREAKFAST Room 


DISCUSSION 


Pror. J. D. Horrman: May I inquire if it is a desirable thing to have con- 
cealed heaters within an outside wall. The last slide gave a dining room with 
heaters enclosed. Is that desirable or undesirable? 

J. H. Mitirxen: There would be no objection at all to putting heaters in the 
outside wall providing the outside of the stack for carrying the heat is insulated. 
The heat loss through the stack and outside wall would render the heater inef- 
fective. To obtain proper circulation of heated air, you would have to take into 
consideration the location of stairways, openings, and the height of ceilings. 
It is possible, where, for instance, a heater is placed in a narrow space beside 
some opening that a very high stack might be put in and bring the air out very 
high in the room, and, considering the size of the room, might throw the point 
of delivery too high in the room, and perhaps not get the benefits of the circu- 
lation. You would then have a high ceiling temperature and insufficient heat 
below the breathing line, 
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W. H. Carrier: There are several features connected with concealed radi- 
ation that I think heating engineers should take into consideration. 

The performance of concealed radiation of the extended surface type is quite 
different in many respects from that obtained by the standard cast-iron radiation 
whether unenclosed or concealed. In the first place, there is not only a very much 
lower peak load in the heating-up period, as was pointed out in the paper by 
Messrs. Milliken and Murphy, but also there is a very much more rapid rate of 
heating up during this period due to smaller steam space and to much lower mass 
of material. Roughly, the time of heating up is about one-tenth that of cast-iron 
radiation. However, it must be realized that there is a correspondingly quicker 
period of cooling off. It is this striking difference in the performance of the 
extended surface copper radiation that gives it its great advantage in some 
respects, while in other respects it may be a disadvantage unless the peculiarities 
of its performances are taken into consideration in the lay-out of the system. 
It is on this account that one of the essential elements to be taken into considera- 
tion in the proper design of concealed radiation of the extended surface type is 
that the steam distribution is such that the radiators more remote from the 
boilers will heat up just as quickly as the radiators near the boilers. This 
is especially necessary in large residences having extensive horizontal distribut- 
ing mains. One method of accomplishing this is to carry the main steam line 
nearly to the end of the system and then bring the steam back. Particular at- 
tention must also be given to the quick venting of the air from the main dis- 
tributing lines so that steam will be supplied immediately to all radiation. If these 
precautions are not taken, unsatisfactory operation may result in residences 
with automatic temperature control owing to the fact that certain portions of the 
building will be overheated while other portions will be underheated due to the 
intermittent operation of the control. 


The effect of different types of radiators, I think, has been pretty well dis- 
cussed here, and it points in two rather diverse directions or extremes, both 
away from the present old style radiation; one, as Dr. Brabbée very ably points 
out, the purely radiant type, where you get the maximum per cent of radiation 
possible, installed under windows, radiating to the room, giving a very high 
economy, and apparently very uniform heat distribution. 

A reverse method of arriving at the same result was pointed out in the paper 
presented by Professor Kratz. In this case radiator shields were used which, 
which reducing the total amount of radiation effect, actually increased the 
economy of heating and gave better distribution of temperature owing to a 
systematic increase of air circulation over the surface. 

Concealed radiation operates entirely on the latter principle utilizing no radia- 
tion effect whatever. It is not certain as yet which method gives the greater 
increase in economy over the old type of radiation. This can only be determined 
by laboratory tests. The prime requisite, however, of all heating systems is 
human comfort and the two distinct types of heating, one primarily by radiation 
and the other entirely by controlled convection, each have their advantages and 
disadvantages. 

When a person comes in out of the cold, he likes at first to get near some 
source of radiant heat, such as a fire-place or radiant type of heater, where he 
can be warmed up rapidly. This radiant heat effect, however, soon passes from 
one of comfort to one of discomfort and a person is obliged to move away from 
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the source of radiant heat. Long and close proximity to any source of radiant 
heat causes discomfort, and it is certain that a greater proportion of the room 
is made habitable by the convection method of heating as contrasted with the 
radiant method of heating. These, however, are two diametrically opposed 
methods of heating, both tending toward economy and more uniform distribu- 
tion of temperature, and it appears as though we were going to abandon the 
old type of radiator for either one or the other of these newer types. Both of 
these types also greatly improve the appearance of the room and the esthetic 
side of heating is nowadays being emphasized. 

I believe in heating our homes, the first thing we consider is comfort; the 
second, appearance, and the third, economy. 


J.C. Mires: This paper seems to cover what I used to term the unit heater. 
I had quite a bit of money at one time, and spent it on a unit heater. In looking 
at some of the slides, it looked to me as though this is not a radiator; we are 
not discussing radiation, but a convection heater, or a convector. 


My mind runs along the lines of convection heat as the healthful form of heat 
according to nature, and I think the idea here is right in so far as it goes, but 
when you enclose a radiator, you add a lot of friction, and you reduce your air 
volume or current over the radiator. I notice the arrows coming out showing 
how they operate, and I am reminded of an engineer who used to show arrows 
all over the house, and one of his designers made one and opened the kitchen 
transom and ran the arrows out to the driveway and heated the smokehouse 
that way. 


The question of reduction of ceiling temperature and raising of the floor tem- 
perature is entirely dependent up on the air turnover.: I think that if there is 
any investigation made on this, you will find that the larger volume of air and 
the lower difference between the incoming air temperature and the floor tem- 
perature, the more uniform will be your temperature from floor to ceiling, so 
when we restrict the circulation over-radiation, like we do over-enclosed radi- 
ators, we will perhaps have to put some mechanical circulation back of it. I 
wonder if Mr. Carrier’s troubles would not be overcome if we could keep steam 
inside this coil and control our condensation by the speed of the air over the coil. 

H. M. Hart: I would like to emphasize the importance of the proper loca- 
tions of these radiators, from experience in my own office. I constructed one 
of these flue type radiators, out of a cast-iron radiator, by putting a shield 
around it, with the outlet about 4 ft 6 in. above the floor. The radiator was 
located on the inside wall at right angles to two large windows. I thought I had 
a fine arrangement, because I was going to cut off the radiant heat which hit 
me in the back and made me uncomfortable. That is why I enclosed it. The 
result was that I had cold feet. The cold air from the windows would drop to 
the floor and seemed to create a great difference in temperature between the 
breathing line and the floor line. So I took the radiator out and put a long low 
radiator in front of the windows; no more radiation, but I obtained comfort in 
that way, indicating that consideration should be given to the location of the 
unit. I have had no experience with this type of installation but I have ques- 
tioned the advisability of some types that were illustrated where the inlet was 
near the ceiling on ah inside wall. Placing of the unit under the window, I 
think, would be preferable. 


Mr. MILuIkEN: Undoubtedly, if the outlet from one of these heaters is 
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placed near the ceiling, you are going to lose a gréat deal of benefit of the con- 
trol of air circulation. You are getting about the same effect as you do with 
the exposed cast-iron radiator, and you do not have the direct radiation to warm 
your feet, as you might in the case of the cast-iron radiator. So that an arrange- 
ment such as the one with the outlet at the ceiling would produce very poor 
circulation. 

H. C. Murpuy: The point made by Mr. Miles relative to damper control is 
a good one. A number of units of this type are available in which the flow of 
air through the unit is controlled by a modulating damper placed either directly 
over the heating element or at the outlet grille. 

It is possible for instance to leave the heat on with the modulating damper 
closed in certain selected rooms; for instance, bathroom, dressing room, etc., 
and secure immediate delivery of heat upon rising in the morning by simply 
opening the damper. With the damper closed the heat losses can be held to ap- 
proximately 10 per cent of the normal output of the unit. This is quite a usual 
application and is in fact installed in the bathroom installation illustrated in this 
paper, but was not specifically described. 

P. F. CALLAGHAN, Jr.: I noticed that all the installations shown were more 
or less permanent in the, you might say, architectural aspects; that is to say, the 
radiator was plastered into the wall. Is that considered an ideal installation? 

Every one knows a vacuum system or vapor system requires that the traps be 
cleaned, I believe, semi-annually. The valves may need attention in the course 
of several years, and that would mean ripping out the wall in this type of in- 
stallation. 

There are, of course, other types of installations and the question I wanted to 
raise was whether the permanent type was the best. 


Mr. MILLIKEN: There are arrangements on the market for giving access to 
the heater so that you can do anything with the traps or piping connections that 
you want or in fact, remove the heater and rep‘ace it if necessary, and, of course, 
it is essential that in order to have this access, either a metal plate be installed 
on the wall or else a frame work be provided so that a plaster plate can be 
installed and taken off. A great many installations are made without any such 
access. In that case, of course, the traps are placed below the floor, and the 
heaters are used both ways. I believe it would be hard to say just which would 
be the last word at this time. 
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ADDITIONAL COEFFICIENTS OF HEAT 
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NATURAL WEATHER CONDITIONS 


By F. C. Houcuten,’ (Member) Cart Gutpertet’ (Non-Member), 
AND C, G. F. Zope’ (Member) 


PitTsBuRGH, Pa. 


studied by the Research Laboratory of the AMERICAN Society oF HEat- 

ING AND VENTILATIG ENGINEERS for several years, resulting in a num- 
ber of reports in the Journal. This paper gives the results of further study 
on a number of types of construction. 

The Nicholls’ Heat Flow Meter of the Research Laboratory was used for 
measuring the rate of heat flow through the walls. A complete description of 
the meter, the method of applying it to a wall, the observations made, and the 
method of analyzing result appears in other laboratory reports* and will not be 
repeated here. 


| EAT flow through walls under natural weather conditions has been 


Definitions, Nomenclature and Symbols for Heat Transmission 


The engineer interested in heat transfer through building material has used 
a number of terms or coefficients having definite physical significance. The 
names of such coefficients and the symbols used to represent them, have not, 
however, been uniform and definite. Different engineering groups have used 
their own nomenclature and symbols, and while a number of attempts have 
been made at standardization, little has been accomplished. 


The Heat Transmission Committee of the National Research Council has 
recently adopted a standard of nomenclature and symbols which will, it is hoped, 
be adopted by all engineers interested in heat flow, whether through building 
materials, through boiler tubes or electrical insulators. 


It seems in keeping with progress toward standardization that the Research 
1 Director, Research Laboratory, A.S.H.&V.E. 
2 Research Engineer, Research Laboratory, A.S.H.&V.E. 
®C. G, F. Zobel, Research Physicist, Research Laboratory, A.S.H.&V.E. 
4P. Nicholls, Measuring Heat Transmission in Builin > eeaares and a Heat Transmission 
Meter, Trans. A.S.H.&V.E., Vol. 30, 1924, pp. 65-104. C. Houghten and C F. 
Coefficients of Heat Transfer as Measured Under Natural Weather Conditions, Trans. A.S.H.&V. E., 
Vol. 34, 1928. F. C. Houghten and - G. F. Zobel, Heat Transfer Through Roofs Under 
Summer Conditions, Trans. A.S.H.&V Vol. 34, 1928. 
Presented at the Annual Meeting r "the AMERICAN Society or HEATING AND VENTILATING 
Encineers, Chicago, Ill., January, 1929. 
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Fic. 4. A 12-IN. Concrete BLock 


Laboratory should adopt the recommendation of the National Research Coun- 
cil, and this is done in this report with the exception of the symbol for con- 
ductance, which it seems desirable for the sake of simplicity to change. An 
attempt will be made to have the Research Council adopt this change. 


The coefficients in which Heating and Ventilating engineers are interested 


Brick VENEER WALL 





PE SENS 





Fic. 5. A 4-In. Brick, 1-IN. Space, Paper, 
7¥4-IN. SHEATHING, Stups, LatH, PLASTER 








Witaa 








154 TRANSACTIONS AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 







HEAT LOSS THROUGH BASEMENT FLOOR 
Fic. 6. SECTION oF 


BASEMENT FLoor 

THROUGH WHICH 

Heat Flow Was 
MEASURED 





AVERAGE HEAT-LOSS THRU FLOOR 
— Meter #33 BTV/SQFT/HR 











1% SHEATHING 
SLATERS FELT Fic. 7. ALUMINUM 
ALUMINUM SHINGLE SHINGLE Roor 


Scrtmey APTS. 
Owe fxm 3G OC C Cxrowee C ac ¢ 


ae Noatn ° ° ° Cas 056 -004 OS 
oa a3 00d O% 3 - oS OM 
Jan td. ” oe a» “4-10 » 
Jam 22 +06 3 oe +0o OM 
jam td ae) a | e +o 6} 
Jan ” oe rz) 5s - oe Ss 
Jem tT 3 Oe 32 4 oe » 
de 16 35-05 » ae 6 OT 3° 
“st 25 +05 »” 3 - om 
vemeee ©. 


c, 
OC * Connection Fon Meat Capacity 
C *Comouctance 6.1.U. pam Sa Fr. an Moun ven °F 


Fic. 8. 8-IN. Tre, Brick 
VENEER WALL 





Fic. 9. Private ReEsI- 

DENCE WITH CONCRETE 

Biock AND Brick VENEER 
WALLS 























Wiha 


CorFFICIENTS oF HEAT TRANSFER, HoucHTon, GUTBERLET AND ZOBEL 155 





tc 


¢ 
Concrete Buock Testeo 


Concrete Fioor Testep «| 


Brick Veneer WALL TESTED ef 


On FLoor Anove 


q 
! 
‘ 
uy 

















Fic. 10. Location or WALLS TESTED IN SMALL RESIDENCE 


are: conductivity of homogeneous materials, conductance of entire walls or parts 
of walls, total transmission through a wall from air to air, and surface 
coefficients. Besides these coefficients, the heating engineer is interested in 
other terms and symbols. 


Temperature 


The engineer is interested in temperatures at various points along the path 
of heat flow through a wall, and has used either ¢ or 7, for this purpose. The 
recommendation of the National Research Council for temperature in either 
degree fahrenheit or degree centigrade is ¢. Several temperatures along a path 
are expressed at ¢, t,, t,, etc. TJ is used to express temperature in deg Absolute. 
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Rate of Heat Flow 

Instead of using either H or h, the new standard uses g as the rate of heat 
flow along a path and Q as the quantity transferred over a given time. 
Length of Path 


In the place of S, D or L, the new standard uses L as the distance between 
two points along the path of heat flow, as the thickness of a wall or component 
part thereof. 


Thermal Conductivity 


Thermal conductivity is defined as the property of a homogeneous material 
expressed as the rate of heat flow through unit area and unit thickness in unit 
time with unit temperature drop. In place of the various symbols K, k, C and c. 
used heretofore, the new standard is k. 


Referring to Fig. 1 it will be noted that: 
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Thermal Conductance 


Conductance is a very useful term to the heating engineer in calculating heat 
flow through walls. In the English system of units it is defined as the heat 
transmitted through the entire wall or through a component part of a wall in 
Btu per square feet hour per degree temperature difference between the two 
surfaces. The symbol C has been used by many in the past. The Research 
Council in its new standard has adopted the reciprocal of the symbol for thermal 
resistance, or 1/2. In many branches of engineering, little use is made of the 
term conductance, and the adoption of the more awkward reciprocal is not a 
hardship. Its greater use in the fie'd of heating and ventilation, however, makes 
it very desirable to use a separate symbol, and it would seem desirable to pre- 
vail upon the National Research Council to amend their report to include it in 
their recommended standard. Pending such decision, the term C for thermal 
conductance will be continued. 

Referring to Fig. 1 it will be noted that the thermal conductance of the entire 
wall is: 
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Film Conductance (Surface Transmission) 


The terms surface coefficient or surface transmission coefficient and others 
have been used in the past to express the heat transfer between the surface of a 
wall and the air in contact with it, or vice versa, k, k,, k,, etc., have been used 
as symbols. The Research Council has adopted the term Film Conductance, 
represented by the symbols f, f,, f,, etc., for several surfaces, or f, and f. for 
inside and outside surfaces of a wall. 


Referring to Fig. 1 it will be noted that: 





eae q 8.211 
~ ref, = — — 1.34 
The inside film conductance f; AG, —1,) ~ 1(70— 63.86) 
The outside film conductance f, = q ro whe = 4.02 





A(t,—t,) 1(2.042—0) 
Transmittance (Total Transmission) 


The National Research Council has adopted the term Transmittance defined as 
the heat passing through the wall per square feet of area per hour per degree 
temperature difference between the air on the two sides of the wall. The uni- 
versally used symbol U was adopted in the new standard. 

Referring to Fig. 1 it will be noted that: 
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Types of Construction Tested 


1. Commercial Garage in Pittsburgh. 
a. 3¥%-in. brick, 8-in. salt glaze tile. (Fig. 2) 
b. Roof—steel decked, %4-in. Celotex, 5-ply Roofing Felt. (Fig. 3) 
c. ™%-in. Celotex in above roof. 
Ten-Room Private House in Suburb. 
a. Cellar wall—12-in. concrete block. (Fig. 4) 
b. Brick veneer wall. (Fig. 5 
c. Basement concrete floor. (Fig. 6) 
d. Cinder fill in above floor. 
e. Earth under above floor. 
3. Ten-Room Private House in Suburb. 
a. Aluminum shingle roof. (Fig. 7) 


bo 


Test Results 


Table 1 gives the description of and the coefficients for the different walls 
studied. The results compare favorably with those appearing in earlier Labora- 
tory reports and values given in Chapter 1 of THe Gurpe, 1928. In several 
instances the type of construction differs and this must be taken into account 
in comparing the values given in this report with others. 

The transmittance coefficient U for the brick-hollow-tile wall tested was found 
to be 0.16, A similar wall tested in the Schenley Apartments and previously 
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reported’ by the Laboratory gave a coefficient of 0.21. This may be accounted 
for by the difference in construction of the wall and the tile used. The wall and 
tile here reported had the construction shown in Fig. 2 while the wall and tile in 
the brick-hollow-tile construction in the Schenley Apartments is shown in Fig. 8. 
The lower coefficient found in this report can be accounted for by the extra air 
spaces in the tile and the lack of plaster. 

Taking the transmittance U = 0.21 for the construction shown in Fig. 8 
and adding the thermal resistance of one additional air space and subtracting 
the resistance of the plaster we have the calculated value, 


1 
U ss i i 05 = 0.162 


1 
O21 * 1.34 + 134 — BO 
The above computation which accounts for the difference in transmittance 


between the walls in Figs. 2 and 8 is based upon the assumption that the two 
rows of small air spaces on either side of the tile are equivalent to one continu- 
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C—Conductance—Btu per square foot per hour per degree fahrenheit difference between 
surface temperatures. 

fi—Inside film conductance—Btu per square foot per hour per degree fahrenheit difference 
between inside air and surface temperatures. 

fo—Outside film conductance—Btu per square foot per hour per degree fahrenheit difference 
between outside air and surface temperatures. 


ous air space, (each row of small spaces actually covers */,, of the wall area), 
having two film conductance coefficients of 1.34). 

The transmittance coefficient, U = 0.395, reported for the insulated steel 
deck roof compares very favorably with the coefficient, U = 0.358 in THe 
Guipe. This roof was insulated with % in. of Celotex, which was found to 
have a conductance of 0.65, giving a thermal conductivity of 0.325 compared 
with 0.33 given in THE GuIbDE. 

The concrete block wall, the brick veneer wall, and the basement floor studied 
were in the private residence shown in Fig. 9. Fig. 10 shows the location of 
the different constructions tested in this house. 

The 12 in. hollow-concrete-block wall gave a transmittance of 0.29 which is 
in close agreement with Tue Guipe value of 0.287. However, the test here 


© Coefficients of Heat Transfer as Measured Under Natural Weather Conditions, by F. C, 
Houghten and C, G, F. Zobel, Trans. A.S.H.&V.E., Vol. 34, 1928, 
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reported was made with practically no wind blowing and consequently the 
outside film conductance, f, = 2.65, is low compared with the value, f, = 4.02 
used in THE GuIDE computations. Also, the conductance of the block wall 
tested was higher than used in Tue Guipe. The value here reported being 

= 0.59 giving an apparent conductivity for the entire block including air 
spaces of k = 7.08, compared with, C = 0.403, and k = 4.84 used in Tue 
GuIDE computations. This higher value of k for concrete is in keeping with 
several test results recently reported,® all indicating that we are using too low 
values for concrete. This is further evidence that conductivity of concrete and 
variation in conductivity with mix, type of aggregate, etc., should be the subject 
of further investigation. 

The brick veneer wall reported had a transmittance, U = 0.17 as compared 
with U = 0.216 for a similar wall reported in Tae Guipe. The wall here 
reported, Fig. 5, had a 1-in. air space between the sheathing and brick in place 
of the 14 in. cement mortar in the wall given in THe Guipe. 


DEVELOPED WITH NicHOLLS’ HEAT METER 


h CONCRETE 


Surface | |.SMPH.Wind 





U—tTransmittance—Btu per square foot per hour per degree fahrenheit difference between in- 
side air and temperatures. 

ae conductivity of block including air space. 

tm—Mean temperature degrees fahrenheit. 4 
ws en per square foot per hour per degree temperature difference for 1-in. 
thickness. 


Tue Guin value of 0.216 may be corrected for the air space by replacing the 
¥ in. plaster by subtracting the thermal resistance of %4 in. plaster and adding 
an air space resistance made up of two film resistances having film conductances 
of 1.34. 

1 


c= i 05 i i = 0.165 


0216 @ + 1.34 + 1.34 








This correction, like the one on the hollow tile wall above, gives a very close 
agreement between the value found by test and the computed value in THe 
Guipe and lends confidence to the application of the accepted method of comput- 


® Coefficients of heat transfer measured under natural weather conditions. 
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ing transmittance coefficients from the component film conductance and con- 
ductivity coefficients. 

The location of the section of basement floor, through which the heat flow was 
measured, in relation to the outside wall and fill is shown in Fig. 6. Tempera- 
tures were observed 6 in. above the floor, at the surface of the floor, (under 
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the 1.5 in. thickness of concrete) at a point in the earth 11.5 in. below the 
surface, and also 19.5 in. below the surface of the floor. 

Fig. 11 is a log of heat flow through the floor and the accompanying temper- 
atures. It will be observed that the earth temperature either 11.5 in. or 19.5 in. 
below the surface of the floor varied little, and also that the variations in the 
temperature of the basement air were not great. The average air temperature 
throughout the period of the test in the basement 6 in. from the floor was 65.7 
degrees with a maximum variation of + 1 deg. Perhaps the best single value 
expressing heat loss through the floor is the average rate of heat flow of 4.33 
Btu per hour per square foot for an average temperature; difference of 10.5 
degrees between basement air and the earth 19.5 in. below the surface of the 
floor. This gives a heat flow of 0.412 Btu per hour per square foot per degree 
Fahrenheit ; difference between air and earth 19.5 in. below floor. , 

The thickness -of the concrete floor, about 1.5 in., and the cinder fill, about 
2 in., were not uniform enough to allow accurate determinations of conductivity 
of these materials. This may account for the high conductivity coefficient, 
k = 2.32 Btu per hour per square foot per degree Fahrenheit; difference per 
inch thickness, found for the cinder fill compared with a conductivity, k = 0.70 
for a cinder fill in a roof previously reported by the Laboratory. The difference 
in dryness of the cinders in the roof and those under the concrete floor may, 
however, account for the discrepancy. The earth under the floor was a reddish 
clay damp enough to be slightly plastic. It had a conductivity of k = 8.46 Btu 
per hour per square foot per degree Fahrenheit; difference per inch thickness. 

The aluminum shingle roof was tested under summer conditions when the 
heat flow was inward during the day and outward at night. The coefficient given 
in Table 1 are averages for day and night. As previously found in tests made in 
hot weather, the outside film conductance f, is negative. Fig. 12 is a log of 
heat flow through this roof. 


Conclusions 


The coefficients as given in Table 1 verify the computed values contained in 
Tue GvuIDE in most instances. Where the coefficients found are not in agree- 
ment with accepted values, the discrepancies usually can be accounted for: by 
variation in construction. The conductivity of concrete is the only case showing 
marked discrepancy between measured and computed values, indicating that the 
coefficients used in the past may be too low and that heat flow through concrete 
walls of different mix and aggregate should be the subject of further study. 


DISCUSSION 


H. P. Reip (Written): In commenting on this paper, I wish to limit my 
remarks to that part of the paper which refers to the heat flow through 
concrete structures. There are two tests reported on such strucures, one giving 
the heat flow and corresponding coefficients through a 12-in. concrete block wall 
and the other the transmittance through and heat flow curves for a 1!4-in. con- 
crete basement floor with a cinder fill under this concrete. 

Nothing is given as to the age of the concrete in either of these tests, whether 
it was comparatively new or whether it had been built several years. From such 
information as we have to date apparently the heat loss through concrete is much 
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greater the first few months after the concrete has been poured than it is several 
years later. 

The values for k as determined by these tests and the various values reported 
in THe GuieE vary so widely as to indicate the desirability of much further 
research into the heat flow through concretes. As an illustration, in THe Guipe, 
1929, the values of & for a stone concrete with a 1-2-4 mix is given by one 
authority as 8.30 while another authority gives a value of 6.27 for a similar 
concrete except that it is made of a 1-2-5 mix. It is hardly conceivable that 
this change in mix could alone account for this great difference in thermal con- 
ductivity. The value for k as given for the concrete block wall in this paper 
is 7.08, another value between the two above. 

In looking up such tests as I have been able to find in the short time allotted, 
I find values for k for various concretes that vary over the range from 0.483 
for a cellular concrete having a specific gravity of 0.25 to 16.6 for a 1-5.6-5.1 
dolomite pebble aggregate concrete with a specific gravity of 2.16. Again Dr. 
Henky of Munich reports the value of k for a gravel structural concrete as 5.62. 

It appears that the heat of conductivity of concrete is primarily a function of: 

(a) Ratio of solid material to total void space in the concrete. 

(b) Specific gravity of the concrete. 

(c) Free moisture of the hardened concrete. 

(d) Temperature at which tests are made. 

Therefore engineers should not use a single value of k for all concretes for 
their transmittance computations, but this value must vary with the nature of 
the specific concrete of the structure in question. Furthermore, wherever pos- 
sible the heating engineer should specify the nature of the aggregate to be used 
and the mix desired where such specifications will give the desired structural 
strength. 

It is being found practical to insulating concretes. This insulated structure is 
being particularly applied to floors and to roofing tile. I recently had occasion 
to observe the replacement of a rotted wood floor which had been laid on con- 
crete, the latter being laid on sand. The wooden floor had been cold and damp 
even though there was about | in. of air space between it and the base concrete. 
In the reconstruction an asphalt tar was painted over the concrete base, and 
approximately 1 in. of mortar insulation was laid on this. After drying the 
insulation, tar paper was placed on it and about 1¥% in. of concrete surface floor 
poured. The same office force was put back to work on this flooring with no 
covering over the concrete. They report a very comfortable floor all this winter 
while they had continually complained of discomfort on the wood over concrete. 

For roofing tile recently laid over a new steam turbine in a power house a 
tile made of Portland cement concrete with 1 in. of insulation as core was used. 
This turbine bleeds a small amount of steam from the bearing seal to the 
atmosphere of the power house whenever operated. While this turbine has not 
been placed into regular operation, yet it has been turning over on its own steam 
for the past two weeks or so and no noticeable ceiling sweating has resulted. 

Let me again urge the need of further research into the heat losses through 
concretes. 

Pror. J. D. Horrman: | am very glad to hear the explanation given by 
Mr. Houghten, regarding the heat transmission through a brick veneer wall. 
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This happens to be one of the most common types found in ordinary residence 
construction and I have been concerned to know how the difference between 
the value in THe GuipeE and the theoretical value as ordinarily calculated came 


about. 


H. M. Hart: I may not be up-to-date, but what I wanted to ask is, When 
is an air space dead? 

We speak of these air spaces, but I am somewhat reluctant sometimes to 
consider an air space a dead air space, because I am quite sure it is going to 
be a leaky air space, and I wonder if we can call it a dead air space in those 
cases where we are sure it can still breathe. It may be said that blocking off 
may increase the value of resistance to an air space but what distance? 

Pror. F. B. Rowtey: The limiting ratio between area and thickness of air 
space is a subject of further investigation. All of the air spaces which were 
tested by the hot plate method were 9 sq in. and those by the hot box method 
were 3 sq ft. The thickness ranged from 0.1 up to 0.75 in. for the hot plate 
tests and from 0.50 in. up to 3.5 in. for the hot box tests. These ratios are so 
large that there seems to be no question of limiting the circulation. 

The question of leakage of air into or out of the air space is certainly an im- 
portant one. If the material inclosing the space is porous, some of the value 
of the air space is lost as the apparent conductivity is increased. Therefore, in 
considering the air spaces, they are considered as impervious to the passage 
of air. 

In speaking of Mr. Houghten’s paper, and also Mr. Reid’s discussion, I am 
glad to hear a man, who is interested in cement and concrete, say that there 
ought to be more research along this line. There is no question but what there 
should be more experimental data to determine the thermal resistance of the 
various aggregrates and mixtures, time of setting, etc. 


In regard to Mr. Houghten’s paper it seems to me he inferred that he was 
closing up the work for the heat meter; one of the valuable pieces of work with 
the heat meter was shown in the last curve of his paper. The heat meter is 
an ideal method of finding out what is going on in a wall, due to the heat from 
the sun, the wind, etc., on the outside. These are conditions which cannot be 
gotten in the laboratory, and whether or not the heat meter checks exactly with 
calculated constant, it does give us the relative conditions and shows what is 
going on from day to day with different outside weather conditions. It provides 
a practical solution that cannot be duplicated in the laboratory. 

L. A. Harpinc: May I say a word on the Laboratory paper? There is one 
thing in regard to Director Houghten’s paper that may have escaped the average 
reader, and I think it is well to point it out, inasmuch as we contemplate the 
discontinuation of these tests at the Pittsburgh Laboratory. 

The heat flow curves bring out one feature and that is up to the present 
time we have no practical method or scheme devised whereby we can correct 
the estimated heat transmission of a wall or roof, due to its heat capacity. The 
difficulty is that we have continually changing outside temperature conditions. 

It is a well known fact, if you have a thick wall that has a high heat capacity, 
it will tend to iron out the heat flow, and you can probably get by with a less 
amount of radiation than you could with a thin wall that has the same conduc- 
tivity but with a smaller heat capacity. 
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There was one statement made by Mr. Reid that I do not want to let go un- 
challenged. I do not believe the heating engineer will ever be able to specify 
the aggregate for concrete. The specifying of the concrete aggregate is not 
within the province of the heating engineer; but rather the province of the 
structural engineer. 

F. C. Houcuten: As pointed out by Mr. Hart and Professor Rowley, the 
dimensions and tightness of an air space in a compound wall must be taken 
into consideration in determining its resistance to flow of heat. It is certainly 
not fair to determine the insulating value of a perfectly tight air space in a 
laboratory and apply this value to practical walls. The air space between the 
sheathing and the brick of a brick veneer wall has many openings to the outside 
through which air can leak, as demonstrated by the Laboratory study of air 
leakage through brick walls. It would seem that a factor for such an air space 
must be determined under natural conditions of leakage in order to apply it to 
such walls. 

Answering Mr. Reid, the concrete floor and the concrete block basement wall 
reported in the paper were in a house which had been built about one year. 

In an earlier Laboratory report on this same subject there were given data 
on change in conductivity of concrete with aging. These data showed that the 
conductivity of concrete decreased considerably during the first several months 
after pouring. Additional data have since been obtained on this same block 
showing that its conductivity has continued to decrease; about a year after 
pouring, the conductivity of the concrete was still considerably higher than that 
used in THe Guipe showing a value of approximately 14, whereas THE GUIDE 
coefficients are based on a conductivity of 8.30. While a change in conductivity 
a year after pouring was apparently still taking place the rate of change had 
greatly decreased and it is doubtful if continued aging will reduce the conduc- 
tivity of this slab much below the present value. 

As pointed out by Mr. Reid the conductivity of concrete apparently varies 
greatly with the mix and nature of the aggregate. It is quite probable that 
with the same mix, the conductivity of concrete would differ greatly depending 
upon the nature of the aggregate—that is, if the pebbles or crushed stone were 
largely granite, limestone, or some other form of rock. 

It is apparent that such variables may change the results obtained, from the 
value of 8.30 appearing in THe Guipe or even lower as obtained by some in- 
vestigators, to 10 or 14 as found in some of the Laboratory determinations, 
indicating that there is still need for considerable investigation of this subject. 

Mr. Reid apparently misinterpreted the conductivity value of the concrete 
block reported in the present paper. The value, 7.08 reported, was the apparent 
conductivity of the block including the air spaces and not the conductivity of 
the concrete itself which would of course be considerably higher. 
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THERMAL RESISTANCE OF AIR SPACES 


The results of cooperative research between the University of Minnesota 
and the AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


By F, B. Rowtey' (Member), anv A, B. ALGREN*® (Non-Member) 
MINNEAPOLIS, MINN. 


HERE are two generally accepted methods of measuring the flow of heat 
through building materials, the hot-plate and the hot-box methods. No 
detailed discussion of either method is necessary at this time as both 
have been thoroughly outlined in previous articles published in the JouRNAL of 
the AMERICAN Society OF HEATING AND VENTILATING ENGINEERS. While 
there are advantages and disadvantages for each method, it may, in general, be 
said that the hot plate is best adapted for determining the thermal conductivity 
of homogeneous materials and the hot box for determining the coefficient of 
conductivity for built-up wall sections, that is, the wall sections which are com- 
posed of various materials combined with air spaces. The hot plate gives the 
conductivity from outside surface to outside surface of the material, while the 
hot box gives the conductivity from air on one side to the air on the other side 
of the wall. The latter is the constant usually, required for practical purposes, 
but the former is the most easily obtained and the one which is generally used 
to give the thermal value of materials. 
Theoretically it is possible to convert the values obtained by one method to 
those obtained by the other by the following formulae: 


1 





id ~ 1/K, + X,/Cy+ 1/K, + X,/C, 4 ete. 
in which 
U = the coefficient of conductivity from air to air 
K,, K,, etc. = the surface coefficients 
X,, X,, etc. = the thickness of the various materials used 
C,, C, etc. = the conductivity of the respective materials. 


In practice the results obtained by these conversions have been questionable, due 
to the lack of knowledge concerning the value of the surface coefficients. 


1 Professor of Mechanical Engineering and Director of Experimental Laboratories, University 
of Minnesota, Minneapolis, Minn. 

2 Instructor in Mechanical Engineering, University of Minnesota, Minneapolis, Minn. 

Presented at the Annual Meeting of the American Society oF HEATING AND VENTILATING 
Encineers, Chicago, January, 1929. 
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Surface Factors 


Surface factors may be divided into two groups; those on the outside surfaces 
of the built up walls and those on the interior surfaces. The purpose of the 
present research has been to determine the values of the interior coefficients 
under different conditions. In order to eliminate the question of proper air 
temperatures, the surface coefficients on each side of the air space together with 


PLATE TESTS 
Width of Air 
Space in Inches 
OO 
0.127 
0.2 
0 
0.493; 
0.7129. 


40 50 60 70 80 90 130 140 
Mean Temperature ot -°F 


Fic. 1. ConpucTANCE or MATERIAL A WITH AND WITHOUT AIR SPACES 


the air resistance has been treated as one factor, and is described here as the 
resistance or the conductance, as the case may be, from surface to surface of the 
air space. The tests were made on both the hot-box and hot-plate apparatus 
as described in the paper entitled, “Heat Transmission Research” given at the 
Semi-Annual Meeting of the Society in the spring of 1928 and published in the 
July, 1928 issue of the Journat. No further description of this apparatus 
should be necessary. 
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Factors Affecting Air Space Coefficients 
There are several factors which affect air space coefficients. These are width 
of air space, mean temperature between surfaces, condition of surfaces and the 
ratio of the area to thickness of air space. The effects, due to width of space 


and mean temperature, should be: the same for all surfaces. The surface effects 
will be different for different classes of materials, although in many cases it 
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Fic. 2. ConpuctaANce oF Arr Spaces From Fic, 1 


should be possible to group materials having similar characteristics. The effect 
of ratio of surface area to thickness will be more pronounced for small ratios, 
and it is probable that for average building constructions it may be neglected. 

In these experiments the air space coefficients were determined for different 
width of air space and different mean temperatures. The surfaces used were 
Insulite, Masonite, Flaxlinum, Celotex Compo board and Gypsum board, the 
last two being paper covered. The limiting areas of the air spaces were 9 in. 
square for the hot plate and 36 in. square for the hot box. As will be shown 
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Taste 1. Conpuctivity or Matertars A, B, C, D ann E—Hot-Piate MetHop 
Used for determining air-space coefficients 

















A : Temp Temp : ivi 
= er] ee | lal toe | on ote 
144B A 0.8791 60.6 45.6 53.1 0.403 0.353 
146A A "| 0.8791 138.8 47.2 93.0 0.424 0.373 
144A A 0.8791 187.8 46.9 117.3 0.440 0.387 
152A B 1.0520 116.7 40.8 78.8 0.345 0.363 
62A Cc 0.4820 78.25 42.4 60.3 - 0.746 0.359 
72 Cc 0.4754 102.0 43.8 72.9 0.782 0.372 
72A Cc 0.4782 146.7 45.2 95.95 0.794 0.379 
72B Cc 0.4774 201.1 46.6 123.8 0.823 0.393 
14 D 0.5201 78.38 42.9 60.6 1.220 0.634 
149 E 0.7280 81.9 42.9 62.4 1.650 1.20 

















by the results, the thickness of space and mean temperature both had an effect 
on the air-space conductance. The surfaces of the materials used all had similar 
characteristics and the air-space values on the hot plate checked exactly with 
those on the hot box. It is, therefore, probable that the data and curves shown 
will apply to all materials with surface similar to those specified and for air 
spaces used in practical building construction. Additional materials are being 
checked but data are not, at present, available. 

In performing the tests, sheet of homogeneous materials were selected which 
were uniform in thickness. Their conductivity was first obtained by the hot- 
plate method after which two sheets of the material were separated by skeleton 
separators to a given distance artd the conductivity again determined. Tests 
were made at various mean temperatures and with various thicknesses of air 
space. Since the only difference in the conditions for the tests was the separa- 
tion of the material for the different air spaces, the resistance introduced by the 


TABLE 2. Resutts or Hotr-PLate TeEsts—Two THICKNESSES OF MATERIAL WITH 
Air SPACE BETWEEN 














Test P lotal Thickness Width of Air Mean Temp Conduc- 
No. Material of Material Space, In. F tance 
121 A 0.8791 0.128 72.2 0.358 
120 A 0.8791 0.128 98.0 0.375 
119 A 0.8791 0.128 134.9 0.398 
122 A 0.8791 0.250 72.0 0.331 
124 A 0.8791 0.250 98.6 0.347 
125 A 0.8791 0.250 131.4 0.366 
132 A 0.8791 0.364 61.4 0.316 
131 A 0.8791 0.364 95.9 0.336 
130 A 0.8791 0.364 128.4 0.356 
137 A 0.8791 0.493 58.9 0.307 
138 A 0.8791 0.493 91.3 0.328 
139 A 0.8791 0.493 131.6 0.353 
140 A 0.8791 0.713 58.3 0.303 
141 A 0.8791 0.713 89.9 0.322 
142 A 0.8791 0.713 ‘ 122.9 0.342 
152 B 1.0520 0.252 79.3 0.286 
144 D 0.5201 0.493 69.8 0.630 
153 % 0.9179 0.250 74.7 0.320 
154 D 0.5201 0.051 60.2 1.045 
155A E 0.7280 0.250 74.45 0.825 
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air space was readily calculated. By this method air space coefficients were 
obtained for spaces varying from 0.051 in. up to 0.713 in. by the hot plate and 
from % in. to 1% in. by the hot box. The separators were built of pine strips 
¥ in. wide for the hot plate and about 3% in. for the hot box; thus the area 
occupied by the strips was very small as compared to the air-space area. Thus 
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far only vertical air spaces have been tested with the heat flowing in a horizontal 
direction. 

Heat is transmitted through an air space by radiation, conduction and con- 
vection. Radiation depends upon the nature of the surfaces and their tempera- 
tures. It is independent of the width of the air gap. For air without motion 
the heat transmitted by conduction is inversely proportional to the thickness 
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TABLE 3. CoNDUCTANCE oF AIR SPACES BETWEEN SURFACES OF MATERIALS, A, B, 
C, D ann E—sy Hor-Piate MEtHop 
Values for material derived from the curves of Fig. 1. All other values derived from 
Tables 1 and 2 














Material | Mesnyremp | Sfaterialand | Spumerta’ | SPadesonce | Weoeectai 
Air Space 
A 60 0.352 0.406 2.646 0.128 
A 90 0.370 0.424 2.896 0.128 
A 120 0.389 0.443 3.168 0.128 
A 60 0.324 0.406 1.592 0.250 
A 90 0.342 0.424 1.759 0.250 
A 120 0.360 0.443 1.925 0.250 
A 60 0.314 0.406 1.386 0.364 
A 90 0.333 0.424 1.545 0.364 
A 120 0.351 0.443 1.693 0.364 
A 60 0.309 0.406 1.297 0.493 
A 90 0.328 0.424 1.437 0.493 
A 120 0.346 0.443 1.583 0.493 
A 60 0.304 0.406 1.210 0.713 
A 90 0.322 0.424 1.336 0.713 
A 120 0.340 0.443 1.468 0.713 
B 78.8 0.286 0.345 1.672 0.250 
Cc 74.7 0.320 0.402 1.570 0.250 
D 69.8 0.630 1.229 1.292 0.493 
D 60.2 1,045 1.220 7,280 0.051 
E 74.45 0.825 1.650 1.650 0.250 























of air space. The amount transmitted by convection is dependent upon the tem- 
perature difference between the two sides of the air space and the freedom of 
the air to circulate. Thus for the same surfaces, as the air space is increased 
from zero, the amount of heat transmitted by radiation will remain constant. 
The amount transmitted by conduction will be decreased and the percentage 
transmitted by convection will be increased. \As an air space is increased the 
decrease in heat transmitted by conduction is greater than the increase in the 
amount transmitted by convection. This ratio gradually changes until the 
greater part of the heat is transmitted by convection and that transmitted by 


TABLE 4. CONDUCTANCE OF AIR SPACES AT DIFFERENT MEAN TEMPERATURES 
Values taken from the curves of Fig. 2 



































ian Conductance of Air Spaces for Various Widths in Inches 

emp. 

F. 0.128 0.250 0.364 0.493 0.713 1.00 1.500 
20 2.300 1.370 1.180 1.100 1.040 1.030 1.022 
30 2.385 1.425 1.234 1.148 1.080 1.070 1.065 
40 2.470 1.480 1.288 1.193 1.125 1.112 1.105 
50 2.560 1.535 1.340 1.242 1.168 1.152 1.149 
60 2.650 1.590 1.390 1.295 1.210 1.195 1.188 
70 2.730 1.648 1.440 1.340 1.250 1.240 1,228 
80 2.819 1.702 1.492 1.390 1.295 1.280 1.270 
90 2.908 1.757 1.547 1.433 1.340 1.320 1.310 

100 2.990 1.813 1.600 1.486 1.380 1.362 1.350 
110 3.078 1.870 1.650 1.534 1.425 1.402 1.392 
120 3.167 1.928 1.700 1.580 1.467 1.445 1.435 
130 ; 3.250 1.980 1.750 1.630 1.510 1.485 1.475 
140 3.340 2.035 1.800 1.680 1.550 1.530 1.519 
150 | 3.425 | 2.090 1.852 1.728 1.592 1.569 1.559 
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Fic, 4. RESISTANCE oF Air SPACES FOR DIFFERENT MEAN TEMPERATURES FAHRENHEIT 
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conduction becomes a negligible factor. This applies only to vertical air spaces 
and the combined effect is very evident when referring to the curves of Figs. 3 
and 4. 

In these tests six different materials were used and were designated by A, B, 
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C,D,Eand F. A, Band C were fibre insulating boards. D and E were build- 
ing boards with a paper surface and E was a flexible flax board. In some of the 
hot-box tests lath and plaster surfaces were also included. The results will, 
therefore, apply to such materials as Insulite, Celotex, Masonite, Flaxlinum, 
Fibrofelt, Compo board, Gypsum board or any of the materials covered with 
paper or of similar fibrous surfaces. The results for other classes of surfaces 
remain to be checked. 

A complete series of tests was run with the hot plate using material Ad. The 
results of these tests are shown in Tables 1 and 2 and the curve sheet of Fig. 1. 
From curve sheet 1, it will be noted that mean temperature curves were run for 
the material without air spaces and then for air spaces ranging from 0.128 to 
0.713 in. These tests gave substantially parallel lines for the mean temperature 
curves. From these curves the conductance of the air spaces were calculated 
as shown in Table 3 and curves of Fig. 2. Curves 1 to 5, inclusive, were taken 
directly from material A by the hot-plate method, while Curves 6 and 7 were 


Tasie 5. RESISTANCE OF AIR SPACES AT DIFFERENT MEAN TEMPERATURES 
Values taken from the curves of Fig. 2 

















ieee Resistance of Air Spaces for Various Widths in Inches 
em 
F 0.128 0.250 0.364 0.493 0.713 1.00 1.50 
0.435 0.730 0.847 0.909 0.962 0.971 0.978 
30 0.419 0.702 0.810 0.871 0.926 0.935 0.939 
40 0.405 0.676 0.776 0.838 0.889 0.899 0.905 
50 0.391 0.651 0.746 0.805 0.856 0.868 0.870 
60 0.377 0.629 0.719 0.772 0.826 0.837 0.842 
70 0.366 0.607 0.694 0.746 * 0.800 0.806 0.814 
80 0.355 0.588 0.670 0.719 0.772 0.781 0.787 
90 0.344 0.569 0.646 0.698 0.746 0.758 0.763 
100 0.334 0.552 0.625 0.673 0.725 0.734 0.741 
110 0.325 0.535 0.606 0.652 0.702 0.713 0.718 
120 0.316 0.519 0.588 0.633 0.682 0.692 0.697 
130 0.308 0.505 0.571 0.613 0.662 0.673 0.678 
140 0.299 0.491 0.555 0.595 0.645 0.654 0.658 
150 0.292 0.478 0.540 0.579 0.628 0.637 0.641 























taken from material E by the hot-box method. Material E was also checked 
by the hot-plate method as shown in Table 3 and found to check exactly with 
material A by the same method. It is therefore, reasonable to assume that 
material E will give the same air space characteristics as material 4. The 
results obtained by the hot-box method are shown in Fig. 5. 

An inspection of the curves of Fig. 2 will show that they converge toward 
some point at the left of the origin. By extending these curves, it was found 
that they all crossed the zero conductance line at points ranging from —207 to 
—247 F. While these are apparently straight lines for the range covered by 
the tests, it is probable that they would not continue so when indefinitely ex- 
tended, and it cannot be assumed that the conductance would be zero at these 
temperatures. While the complete set of curves were derived from material 4, 
checks of several points were made by the other materials listed and in several 
cases check tests were run by both the hot-plate and the hot-box methods. 

In order to get the conductance and resistance of air spaces for other thick- 
nesses than those tested and for various mean temperatures, the curves of Figs. 
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4 and 5 were plotted directly from the curves of Fig. 2. The data from which 
these curves were plotted are given in Tables 4 and 5. The points of Table 4 
were taken directly from the curve for the mean temperatures indicated and 
those for Table 5 are the reciprocal values. Since the mean temperature curves 
of Fig. 2 are straight lines, curves might have been drawn on Figs. 3 and 4 
for a greater range of mean temperatures. These conditions are, however, being 
TEST SECTION 
Moterial E 
é 


Coefficient ef Transmission 
Air bo Gir: 


* Conductance of Material E 


c 


* Surface Constant 

* Temperature ~ Degrees F. 

Ra? Thermal Resistance of 
Air Space 


4 xX AK 


4, ? Conductance of Air Spece 











RESULTS Of TESTS 




















oD f2 inch ! inch tle inches 
Run i Run 2 Run/ Run2 Run i 

Const |M.7- Const [Aft \Cons't.| A107. |\const | A1.7- |\Cons't | M.7- 

uU .370| 3968 404|599)| .365 40.11 | 303|\60.12 | .36/ |4007 

B | 3.428) 58.65) 3. 536 |o7:77|3:6/4 | sR65| 3.684) 6210 | 3.388) 50.47 

4 3 sce) 2405| 3.172 | e035 |3.290| 2475 | 3.516 | 5160 | 3.3/0 | 23.62 








K, | 4.658) 7099 1.639 |74-9B) 1.667| 71.48) 1.690) 75.77| 1. 66g) 71.45 
K, | 1.460) 958 1 404| %8G| 1.620) 4465) 1.409) 9.72 
Ra_| / 193) 4080) 1.204 1.126 |\41.@0 | 1 172 |GO40| 1.114 | 4120 

080 















































Re 638 .779|\F920| .860\4160) 853 |6040| 896) 41.20 
TEMPERATURES 

Te -.63 39.9 ~.03 39.9 r-¥-) 

a 79 98 79 92 80.26 80.35 80.14 

Ta 62.0 70.05 62.7 7/.2 62.75 
A] 53.3 65 5 54.6 67.0 $4.20 
% 28.3 52.9 286 53.8 28.20 
A “19.8 47.8 19 7 99.4 19.45 























Fic. 5. Resutts oF Hot-Box Tests ror DirFERENT AiR SPACES 


checked with further tests and will be included in a later report. Referring to 
Fig. 3, it will be noted that the conductances are increasing very rapidly at the 
last point taken which corresponds to Curve 1 of Fig. 2 or an air space of 
0.128 in. Theoretically all of these curves extended should become tangent to 
the zero air space line at infinity. In order to get the points in this region of 
small air-spaces, curves of Fig. 4 were plotted. Theoretically all curves for 
air space resistance should pass through the zero point as the resistance of a 
zero air space will be zero. Some question might be raised as to the accuracy 
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of this assumption, due to the fact that the air space as taken is a combination 
of surfaces and air space and that with zero air space there would still be the 
surface resistances. However, all of the curves drawn through the tested points 
were directed toward the zero point. In all cases the curves include points of 
air spaces for widths as low as 0.128, and in the case of the 60 F mean tempera- 
ture, a test was made with an air space of 0.051 in. This point checked exactly 
with the curve as drawn. While some question may be raised as to the point 
passing exactly through zero, the curves would indicate that this is the case and 
that that the real surface resistance is a very small factor as compared with the 
air space resistance. As the curves are extended to the thicker air spaces, they 
approach horizontal lines. There is no definite point at which the maximum 
resistance of the air space is reached, but apparently the real effectiveness ends 
at from 0.7 to 0.8 in. 

In previous work several walls tested by the hot-box method have been pro- 
vided with thermocouples placed on the inside surfaces and data have been taken 


TABLE 6. CoNDUCTANCE oF AIR SPACES IN WALLS TESTED BY THE Hot-Box METHOD 








_ Surfaces — pmkony Conductance 
23 CtoC 3.625 41.2 1.011 
23 C toC 3.625 37.0 1.009 
25 BtoB 3.625 42.2 1.010 
27 BtoB 3.625 47.6 1.075 
30 BtoB 3.625 47.3 1.087 
30 BtoB 3.625 47.4 1.098 
30 BtoB 3.625 101.1 1.362 
30 BtoB 3.625 102.2 1.325 
#4 Paper to wood 1.440 37.25 0.922 
34 Paper to wood 1.440 36.8 0.910 
36 Paper to EZ 1.440 67.9 1.157 
36 _ Paper to wood 1.440 39.3 1, 

36 Paper to E 1.440 67.1 1.144 
36 Paper to wood 1.440 36.9 1.002 
32 Lath and plaster to F 1,440 63.3 1.103 

















to determine the conductance of the air spaces. These spaces have varied in 
width from 1.4 in. to 3.62 in. and the mean temperatures have varied from 36.9 F 
to 102.2 F. The surfaces have been composed of such materials as Insulite, 
Flax-li-num, Celotex, Gypsum board, lath and plaster, wood and paper. The air 
space coefficients obtained from these various tests are shown in Table 6. When 
these are plotted on Fig. 2, it is found that they range slightly below Curve 7. 
This does not necessarily mean that the air spaces show a larger resistance. It 
may be explained by the fact that the walls were built up of 2 x 4 studdings 
placed 16 in. on centers. Two of these studs passed down over the three-foot 
test area and formed a resistance over a part of this area which is credited to 
the air space. The significance of this is apparent when it is noted that the area 
covered by the studs is approximately 0.75 of a square foot or 8.3 per cent of 
the test area, and the resistance of each stud per unit area is about three times 
that of air space per unit area. The studding decreases the heat transmission 
through the test wall, and since the conductance of the air spaces was calculated 
from this conductance, they will be somewhat lower than those obtained with 
walls having no obstructions in the air space. 
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The results of this investigation show-that-the air space coefficients are the 
same for many- materials, and_undoubtedly for practical purposes, all materials 
used in building construction may be classified into a small number of groups, 
with characteristic constants for each group. With these constants and the 
proper external surface constants, it will be possible to calculate with accuracy 
the overall coefficients of heat transmission from the hot-plate conductivities. 


DISCUSSION 


P. D. CLose (Written): The hot plate tests reported in this paper indicate 
conductances of air spaces approaching unity, whereas the results of the hot box 
tests indicate values which approximate 1.0 for spaces ranging from 1.4 in. to 
3.62 in. The air space curves presented in this paper are asmytotic as the width 
of the space increases so that beyond a certain thickness no additional increase 
in insulating value is obtained with an increase in the width of the air space. 
For practical purposes it can probably be assumed that an average vertical air 
space 1 in. or more in width has a conductance of 1.0 or 1.10. 

A 1-in. thickness of an insulation having a conductivity of 0.25 installed in 
such a way as to create an additional air space would therefore have an effective 
thickness of 1% in. as installed. On the other hand, a 35 in. thickness of a fill 
having a conductivity of 0.50 would have an effective thickness as installed of 
3% in. since it would require a % in. thickness of a material of this conductivity 
to equal an average air space of an inch or more in width, based on the assump- 
tion that the conductance of an air space is 1.0. 


The opinion has prevailed for some time that an air space possesses a high 
degree of heat resistance. Operative builders will frequently tell you that the 
buildings they are offering for sale are well insulated because the walls contain 
dead air spaces. The public in general has little knowledge of the relative 
insulating values of air spaces, commercial insulations and building materials. 


Some concerns have been inclined to exploit the added heat resistance ob- 
tained in walls by means of air space construction, whereas others have shown 
a tendency to discount any insulating value thereby obtained. 

For example, some organizations identified with the marketing of felted 
insulations are commercializing on the idea that by the use of their materials 
installed in the manner recommended by them, the insulating value of an extra 
air space is obtained in addition to that of the material itself. 

Another class of materials—fills—cancel an air space by the manner in which 
they are usually installed, the exception being where only a part of the air 
space is filled. 

The third type of insulation—the board form—is installed in such a manner 
in most cases that the number of air spaces in the construction is not changed, 
although it is also possible to apply this type of insulation so that additional air 
spaces are obtained. 

Costs of materials and their application vary. Moreover, the proper economic 
thickness of insulation will vary with the type of heating system installed and 
the kind of fuel burned, so that it is difficult to obtain an intelligent comparison 
between materials of different types on the basis of their thicknesses and con- 
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ductivities alone, even giving consideration to whether the number of effective 
air spaces is changed by the use of the materials under consideration. A true 
comparison can only be obtained on the basis of the over-all transmissions, and 
fuel, radiation and construction costs, giving due consideration to quality of 
materials. 

The surface factors used in THe Guipe 1929 for computing heat transmission 
coefficients of walls and roofs are based on tests conducted at the University 
of Illinois and Penn State College. These values have for some time been 
regarded as the most reliable and authentic available and give an average air 
space conductance of 0.67 for so-called still air, or an average surface conduc- 
tance of 1.34.8 

The air space conductances presented in the paper under discussion are some- 
what higher than are obtained by the use of the surface coefficients used in THE 
Guipe. Other recent tests would also indicate that surface and air space co- 
efficients in most cases are higher than those now in use. The Bureau of 
Standards letter circular 227 states that an average air space more than 1 in. 
wide is equivalent to about % in. of insulating material, although no reference 
is made to the conductivity of the ait space upon which this comparison is based. 


More recent tests on air spaces conducted at the Bureau of Standards appar- 
ently substantiate an air space value of approximately this magnitude. Surface 
coefficients based on tests conducted at Armour ‘Institute a few years ago gave 
values for several materials averaging 2.18, which is equivalent to an air space 
conductance of 1.09, and which compares favorably with the data submitted in 
the paper under discussion. Other tests conducted at the Laboratory for Tech- 
nical Physics and the Research Institute for Heat Conservation in Germany, as 
well as by Professor Bugge, a Norwegian experimenter, show air space con- 
ductances ranging between those reported in the paper under discussion and 
those obtained by using the surface coefficients in Toe Guipe 1929. The Uni- 
versity of Illinois Engineering Experiment Station Bulletin No. 102 reports air 
space coefficients ranging from 1.0 to 1.7, compared with the assumed average 
value of 1.0 based on the University of Minnesota tests reported in this paper 
and 0.67, the value used in THe Guipe 1929. The A.S.R.E. have arbitrarily 
recommended a surface resistance of 0.5 for some time, but have made no allow- 
ance for air movement over outside exposed surfaces. This surface resistance 
value of 0.5 is equal to an air space conductance or resistance of 1.0, the value 
derived from the results reported in the paper under discussion. 


There seems to be sufficient reliable test data available to indicate that the 
correct value for an average vertical air space of 1 in. or more in width is about 
1.0 for ordinary temperatures. It would be possible from the data published in 
this paper to compute the heat transmission through any type of wall construc- 
tion and assign the proper air space coefficient for almost any width air space 
used in ordinary building construction. The accuracy involved, however, does 
not warrant this degree of refinement and it is probably sufficient to assign one 
air space or surface factor to all air spaces beyond a certain width and to neglect 
all air spaces less than this width. If it is assumed that the resistance of a 
surface exposed to a wind velocity of 15 mph is 1/3 that of a surface in still 
air (as has been the practice in computing the over-all coefficients in THE 


* An air space conductance of 1,10 was used in Tug Guipe, 1930, based on the results of this 
paper, 
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Gu1pE) the resistance of such outside surfaces is so small compared with the 
total resistance of the wall that it may be safely neglected in the majority of 
cases. The average resistance of an outside surface based on a still air surface 
resistance of 0.5 is 0.167, and in the average wall construction the difference 
between a still air resistance of 0.5, a 15-mile wind velocity resistance of 0.167 
and no resistance (that is, neglecting the outside resistance entirely) is so small 
that it undoubtedly is sufficiently accurate to base transmission coefficients on 
one wind velocity, rather than to attempt to allow for any other prevailing wind 
velocity than the one on which the overall coefficient was based. 


In the preparation of future editions of THe GurpE it is proposed that con- 
sideration be given to the data published in the paper under discussion as to the 
advisability of changing the surface factors used. 


ARMIN ELMENDORF (WRITTEN): The curves showing the variation in the 
resistance of air spaces with width of air spaces and mean temperature have 
considerable commercial value in the building trade as well as for manufacturers 
of refrigerators. 


It is significant to note the considerable change in the resistance of an air 
space with the temperature. The thermal resistance of insulating materials falls 
off with increasing temperatures. The same is apparently also true of air spaces. 


It is apparent from the resistance plotted that an air space equal in width to 
the thickness of commercial insulating boards does not possess equal insulating 
value. The resistance of a 7/16-in. air space, for example, at a mean tempera- 
ture of 60 F is only about one half of the resistance of 7/16-in. rigid insulation 
occupying the same space. Increasing the width of the air space from 7/16-in. 
to l-in. raises its resistance very little so that the results check the recommenda- 
tion of the Bureau of Standards to the effect that an inch air space be regarded 
as equivalent to about 4-in. of insulating material. 


In view of the fact that the tables in THe GuipE are computed upon the 
assumption that the thermal resistance of an air space is equal to the sum of the 
two surface resistances, the results of the tests made by the authors would 
change the values of the tables considerably if adopted. The resistance used 
in computing the tables is about double the resistance determined in these tests. 


In discussing the factors affecting air space coefficients, the authors mention 
the effect of width of air spaces, mean temperature between surfaces, condition 
of surface, and the ratio of the area to the thickness of the air space. In build- 
ings an important additional factor would be height of air space in the case of 
vertical spaces. It would be expected that convection currents in a high air 
space, as in the walls of a building between studs not blocked by fire. stops, 
would be a larger factor in heat transfer than in the case of the relatively small 
areas with which the experiments were made. Information on the effect of 
height would therefore be desirable. 


R. H. Herrman (WrittEN): Professor Rowley and Mr. Algren are to be 
congratulated upon their excellent paper, as the conductance and resistance of 
air spaces of various widths and at various mean temperatures is of the greatest 
importance to the engineering profession. 


They have shown conclusively that the conductance of an air spa7e increases 
appreciably as the mean temperature is increased and also that the conductance 
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decreases as the thickness of the air space increases. Both of these phenomena 
are as would be expected from a theoretical consideration. The increase in con- 
ductance with increase in mean temperature is to be expected as the heat trans- 
mitted across the air space by radiation, conduction and convection increases as 
the temperature increases. The radiation being proportional to the differences 
of the fourth powers of the absolute temperatures, so that for the same tempera- 
ture difference between the two faces the radiation will increase as the tempera- 
ture increases. The conductivity of air increases as the temperature increases, 
the temperature coefficient per C being 0.0029 as found by Eukens or & for 
air = k, (1 + 0.0029 ¢). 

Various investigators have shown that the transfer by convection is approxi- 
mately proportional to #5/#, This value has been confirmed by the writer, and 
Griffiths has shown that this value also applies to the convection transfer in 
closed air spaces. Griffiths also shows that the transfer by convection per unit 
area is also independent of the height of an enclosed air space. 


It is to be expected that the conductanice would decrease as the thickness of 
the air space increases as mentioned by Professor Rowley and Mr. Algren, 
and the writer is of the opinion that the values as given in Fig. 2 are very nearly 
correct. The results obtained under the direction of the writer at Mellon Insti- 
tute in March, 1928, substantially check the results obtained by Rowley and 
Algren. 


Since there are very little published data on heat transfer across air spaces, a 
few of the results obtained at Mellon Institute may be of interest. In these 
tests, data were obtained for the conductance across 0.5 in., 0.975 in., and 4.00 
in. air spaces. The conductance in most cases was determined for the heat flow 
upwards, downwards and horizontally. 


The tests were made with alundum plate heaters 9 in. in diameter with an 
air space 8 in. in diameter and the various thicknesses as stated. Heat was 
transmitted from the alundum plate to the brass cooling plate. Both plates were 
coated with lampblack so as to be able to determine accurately the heat trans- 
mitted by radiation. 


The heat flow upward was obtained by using two heating plates and one cool- 
ing plate. One heating plate was placed in the bottom of the container in a 
horizontal position, a layer of insulation was then placed on the heating plate 
and the second heating plate was placed on top of the insulation. The air space 
was between the second heating plate and the cooling plate on top. Heat flow 
downward was prevented, by keeping the two heating plates at the same tem- 
perature, then since there was no temperature difference between the two plates, 
the heat could flow only upward across the air space. The heat flow downward 
was obtained by reversing the position of the heating plates and the cooling 
plate. 


For the heat flow downward with the 0.975 in. air space, a conductance of 
1.390 was obtained with the hot and cold surfaces at 142 F and 53.6 F, respec- 
tively, or a mean temperature of 88.4 F. The heat transferred by radiation — 
17.23 & 107° ~« 0.97 (602 — 513.6*) = 103 Btu. The total heat transfer as 
measured = 123 Btu. Since there was no heat lost by convection, the heat flow 
by pure conduction = 123 — 103 or 20 Btu. The conductivity of air then as 
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20 * 0.975 
88.4 
foot per degree Fahrenheit per inch thickness. 

There is considerable variation in results on the thermal conductivity of air 
as determined by various investigators, the values at 0 C ranging from 0.000049 
to values above 0.00007 in C. G. S. units. 

If we take a mean value of approximately 0.00006 we have for a mean tem- 
perature of 97.8 F or 36 C a value of 0.00006 (1+ 0.029 x 36) x 2903 or 
0.192 Btu per hour per square foot per degree Fahrenheit per inch thickness, 
which checks fairly well with the values obtained at Mellon Institute when the 
wide range of values obtained by the various investigators is considered. 

The conductance for heat flow upward for the 0.975 in. air space was 1.422 
for hot and cold surfaces of 145.5 F and 59.2 F, or a mean temperature of 
102.3 F. When we consider the higher mean temperature for the upward flow, 
it is seen that there is practically no transfer of heat by convection for air 
spaces 0.975 in. thick in a horizontal position or with the heat flow upward. 

The conductance for the heat flow horizontal for the 0.975 in. air space or 
with the plates in a vertical position was 1.491 for hot and cold surfaces of 
137.5 F and 55.6 F, respectively, or a mean temperature of 96.5 F. 

When we consider that the conductance should be greater for lampblacked 
surfaces than for insulation surfaces such as used by Rowley and Algren, and 
especially since the radiation factor across a 1-in. air space is by far the greatest 
factor, the conductance of 1.491 as obtained at Mellon Institute can be con- 
sidered to be a satisfactory check on the results of Rowley and Algren who 
indicate a conductance of 1.35 for l-in. air space at a mean temperature of 
96.5 F as obtained from Table 4. 

C. K. Swirt (WritTtEN): It is rather surprising to note the relatively high 
conductivity values reported for fibrous insulating boards as shown in Table 1. 
If my interpretation of these results is correct, the conductivity values are about 
8 per cent higher than the generally accepted values for boards of this type. 

From the very nature of the test it must be assumed that relatively low plate 
pressures were used. I would like to know whether the samples were tested, 
dry, or at current moisture, and what precautions, if any, were observed to 
prevent condensation of water on the samples during low temperature tests. 

The air space conductances as shown in Table 4 seem to be greatly at vari- 
ance with previously accepted values for still air coefficients. As I understand 
these values, they include the resistance (or conductance) of two surface films 
plus that of the intervening air space. A 1-in. space at 60 F mean temperature 
would, for example, have a conductance of such a space and would give 
a value of 

1 
1 1 
1.34 1.34 


The substitution of Professor Rowley’s coefficients for the present accepted 
values leads to rather serious differences in some cases. 

I have estimated the transmission coefficient of a stucco frame wall section 
as an example. The construction consisted of stucco on expanded metal, fur- 


obtained from this experiment — = 0.22 Btu per hour per square 





= 0.67 Btu per hour per square foot per degree Fahrenheit. 
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ring, 7/16 in. fibrous insulation, studding, and wood lath and plaster. The 
transmission coefficient calculated by the ordinary method was 0.169 Btu. To 
obtain the same overall coefficient using Professor Rowley’s values would re- 
quire slightly over 1 in. of the same type of insulation. In making this 
calculation, due correction was made for variations in the mean temperatures 
of the several surfaces, but the same still air coefficients were taken to apply 
not only to the surfaces of the insulation but to other surfaces as well. While 
this assumption may not be justified in the absence of definite experimental 
data it is the best that can be made, and is reasonable in view of the great dif- 
ferences noted in the cases which have been reported. 


Where a designer is limited to a definite transmission value for a certain 
type of wall, and is required to estimate the necessary insulation, the economic 
importance of accurate surface coefficients becomes strikingly apparent. 

I am glad to note that this research is being continued. It is certainly of 
fundamental importance and should soon eliminate empirical calculations. 


W. H. Carrier: I would like to ask Professor Rowley if he has been able 
to produce a rational relationship between the increase of conductances of any 
given air space and the mean absolute temperature? I see that there is a very 
marked increase of conductance with the mean temperature of the space. Am 
I correct in that? 


Pror. F. B. Rowtey: Yes. The curves of Fig. 2 extended cross the zero 
line at from —240 to —243. From this it would appear that if the curves were 
extended to lower mean temperatures by actual tests, they would not be straight 
lines. They should gradually curve upward as there-seems to be no reason why 
they should cross at the temperatures of —240. For all practical purposes, the 
straight line relation is sufficient. 

Mr. Carrier: Have you additional figures? 

Proressor RowLey: We have not worked that out. The process of heat 
transmission through an air space is rather complex. It is a combination of 
radiation, convection and conduction. 

L. A. Harpinc: It might be well to review for a moment the history of air 
space construction. Thirty years ago air space construction was the standard 
form of insulation employed in refrigerators, breweries, and cold storage plants. 
About 26 years ago the Nonpareil Cork Co., ran a very complete series of tests 
on air space construction, starting with the single air space, and going up to 
four. I am very glad to see that Professor Rowley has taken up the testing 
of air space construction with a greater degree of refinement. 


Twenty-six years ago, the tests referred to were the only tests that were 
available to the ventilating and refrigerating engineers. I have been wondering 
whether Professor Rowley’s tests show any very marked differences. Some of 
the results of these tests I reported to the Society in 1913. 

The standard construction was two %-in. boards with paper between; then 
a %-in. strip; then another layer, etc. The maximum used in any plant in this 
country at that time so far as I know was the four air space construction. 

Percy Nicuottis: The history of the measurement of the heat transmission 
of air spaces goes back further than Mr. Harding intimates. Peclet developed 
formulae for wider air spaces in 1830 to 1840; he gives no data for narrow 
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widths but he probably experimented with them because he states that his 
formulae apply only to spaces over 0.79 in. wide. The authors’ curves of Figs. 3 
and 4 show limiting values for the conductance with this same width. 

In more recent years work has also been done by the Bureau of Standards, 
the National Physical Laboratory of England, and Professor Kruger in Sweden. 
The two former aimed to separate the conduction and convection factors; full 
data are not available to compare their results with those of this paper, and 
moreover the area, or height of the spaces, differs. The National Physical 
Laboratory used apparatus to give spaces 2 and 4 ft high and found the con- 
ductance was the same. The Bureau of Standards found a greater conductance 
for an 8-in. than a 24-in. height. I think the authors might better have worked 
with one larger than 9 in. square, although the difference for the narrower 
spaces would not be great. 

It is interesting that the authors obtained straight lines in Figs. 1 and 2 for 
the curve of conductance against mean temperature of the air space; because 
they do not state to the contrary, one might assume that the temperaure differ- 
ence between the spaces remained the same with increase of mean temperature. 
One would expect the conductances to increase with mean temperature, and the 
fact that they are straight lines would indicate that the temperature difference 
increased with the mean temperature. The increase of conductance with a mean 
temperature increase of 100 per cent as shown by Fig. 2, can however be fairly 
closely accounted for by the increase of the radiation factor from the same cause. 

The authors have presented their results in a very convenient form for use 
in a formulae of built-up walls. Further work to establish values for a greater 
height should be well worth while, and statements of the temperature differ- 
ences should be included in the paper. 

Pror. J. D. Horrman: The subject under discussion is one of the most im- 
portant subjects before the Society. I recall that it was but a few years back 
when the question of the influence of the house construction upon the heating 
system came rather prominently before the Society. Since that time we have 
been considering the house along with the heating system. 

The framed house is the chief offender and the framed wall is closely allied 
with the subject under discussion. For that reason, and because of the fact 
that probably 75 to 80 per cent of the houses in the country are of this type of 
construction, I think we can well afford to study the value of insulation as ap- 
plied to the built-up wall. I congratulate the Society in attempting to solve 
this problem. 
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(Member), Maptson, WIs. 


INTRODUCTION 


URING the Fall of 1927, work was begun on a program of cooperative 
D research sponsored by the AMERICAN Society oF HEATING AND VENTI- 
LATING ENGINEERS and the University of Wisconsin. This research 
was intended to give more definite information relative to air infiltration occur- 
ring through plain 13-in. brick walls. The first results of this research were 
published in a paper entitled Effect of Frame Calking and Storm Windows on 
Infiltration around and through Windows which was presented at the Semi- 
Annual meeting of the AMERICAN Society OF HEATING AND VENTILATING 
ENGINEERS in June, 1928. 
This report is a continuation of the foregoing program:and consists of a com- 
parative study of the results obtained with five 13-in. brick walls of different 
character, with respect to nature of brick, mortar and workmanship. 


Description of Test Apparatus 


The test apparatus, shown in Fig. 1, is described in detail in the previously 
mentioned paper. Briefly, it consists of the following: the pressure chamber A, 
and collecting chamber B, between which the wall is secured by means of C 
clamps. The method of clamping is more clearly shown in Fig. 2. Air-tight 
seals are obtained between the two sides of the wall, and chambers 4 and B, 
Fig. 2, by means of a sponge rubber gasket attached to the perimeters of the 
chamber openings. 

Artificial wind pressure is produced by a small motor-driven blower, shown 
at the extreme left of Fig. 2. This blower is in communication with the pres- 
sure chamber through an adjustable damper E, by means of which the pressure 
drop through the wall is controlled. Other control dampers are provided at D 
and on the intake to the blower itself. The pressure difference in chambers A 
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Fic. 1. GENERAL LAyout or TEST EQUIPMENT 


and B, which is the pressure drop through the wall, is measured with an in- 
clined draft gage, F. 

The amount of air which filters through the wall is measured by an orifice, 
mounted on the end of orifice box C. The pressure head on the orifice is de- 
termined by a Wahlen gage G. This pressure head is the difference in pressure 
between that in the orifice box C and in the atmosphere. 


Description of Walls 


The walls were built into frames constructed of 15-in., 33 lb. steel channels 
in a manner shown in Fig. 2. The A-shaped frame which appears in the fore- 
ground of Fig. 2, together with a single roller jack attached to the opposite end 
of the wall provides a convenient means of transporting the walls between the 
test machine and the storage rack shown in Fig. 1. 

Two types of brick were used in the construction of these walls—a hard face 
brick and a more porous type, commonly known as Chicago clay brick. A de- 
tailed report of tests conducted on these bricks relative to porosity, compressive 
strength and other physical characteristics will appear in the final report. 

Three of the walls were built up with a cement-lime mortar; the other two 
with a lime mortar. The walls were built up in such a way as to differentiate 





Fic. 2. MACHINE OPEN WITH A BricK WALL IN PLACE 
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between good and poor workmanship. Each of these terms is defined as follows: 


Lime Mortar. One of lime and three of sand by volume and enough water 
to make the mixture workable. 

Cement-lime mortar. One of cement, one of lime and six of sand by volume, 
and enough water to make the mixture workable. 

Workmanship. Good workmanship is distinguished from poor workmanship 
only in the manner of using the mortar. In good workmanship, the spaces be- 
tween the bricks are completely filled with mortar throughout the thickness of 
the wall, resulting in a wall which is practically free from voids. In poor work- 
manship, very little mortar is used between the two outside faces of the wall. 
The outside appearance of these walls is the same. Fig. 3 is intended to show 
this difference in workmanship. The poorer wall appears in the foreground. 
The walls were constructed by bricklayers from the Service Department of the 
University of Wisconsin, and in such a manner as to make their construction 
comparable to actual building construction practice. 


Procedure 


Each of the walls was subjected to wind pressure corresponding to a range of 
wind velocities of about 5 to 30 mph. Except for the initial tests on Wall No. 2, 
the joint between the steel frame and brick was completely sealed with a plastic 
calking compound on both sides of the wall, while testing. The effect of calk- 
ing this joint on one side, and both sides, is shown by the curves on Fig. 4. In 
determining the net area of wall exposed, allowance was made for the area 
covered by the calking compound. 

After about five months had elapsed from the time of construction, each wall 
was subjected to eight complete tests over the velocity range previously men- 
tioned. Alternate tests were run in reverse order. These tests were repeated 
two months later in a similar manner. Thus, the curves on Fig. 5 and Fig. 6 
represent the average results from sixteen tests. 


Discussion of Results 


Fig. 4 shows the effect of calking the mortar joint between the channel frame 
and the wall. The curves show that calking the second side results in prac- 


TABLE 1. HumMuipity AND Test RESULTS VARIATIONS 








Av. Humidit Av. Humidit : sai Taatitta S 
Wall No. Original Teste Check Tot Cpe eee | FL ae ag 
2 74.3 40.5 —45.4 —7.07 
3 55.9 63.4 +13.4 —0.27 
4 77.2 58.8 —23.8 —0.14 
5 65.4 31.7 —51.6 +2.62 
6 67.1 36.6 —45.5 —0.24 














tically the same additional reduction in leakage as did the calking of the first 
side. 

Fig. 5 shows the results of the tests on the five walls. The infiltration in 
cubic feet per hour per square foot of wall is plotted against the pressure drop 
through the wall in inches of. water. Two sets of points are shown for each 
curve; one set from the original tests made five months after construction and 
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TABLE 2. VALUES FROM THE CURVE FOR WALL 4 





Cu Ft per Hour per 





“ee” Hour per Sq Ft Sq Ft per Mile Wind 

elocity 

5 0.71 0.14 

10 2.36 0.24 

15 5.05 0.34 

20 8.31 0.42 

25 12.08 0.48 

30 16.00 0.53 











the other from the check tests made two months later. By finding the difference 





Fic 3. Brick WALL UNDER CONSTRUCTION 


in values of the original and check test points, it was found that the variation 
for Walls 3, 4 and 6 was considerably less than one per cent. The check tests 
on Wall 2 gave 7.1 per cent less infiltration than did the original test and the 
check tests on Wall 5 gave 2.6 per cent more infiltration than did the original 
tests. This seems to show that there is no correlation between these results and 
aging of the walls between the time of the original and check tests. Aiso, there 
seems to be no correlation between the humidity at the time of tests and the 
variation in test results. Table No. 1 shows the humidity and test results 
variation. 


TasLe 3. INFILTRATION IN CuBic Feet PER Hour Per SQuARE Foot or WALL 





























Wind Vel. Wall No. 2 Wall No. 3 Wall No. 4 | Wall No. 5 Wall No. 6 1929 Guipe 

5 0.34 0.46 0.71 0.51 1.60 1.80 

10 1.30 1.64 2.36 1.83 5.30 4.90 

15 2.71 3.45 5.05 3.85 10.35 9.35 

20 4.59 5.76 8.31 6.34 16.28 14.50 

25 6.85 8.38 12.03 9.22 23.05 20.30 

Ki] 9.31 11.30 16.00 12.40 30.80 26.50 

Wall No. Kind of Workmanship Kind of Mortar Kind of Brick 

2 Good Cement-lime Hard 

3 Good Lime Hard 

4 Good Cement-lime Porous 

5 Poor Cement-lime Hard 

6 Poor Lime Porous 
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Fig. 6 shows the same results as those plotted in Fig. 5 except that infiltration 
in cubic feet per hour per square foot of wall is plotted against a uniform scale 
of velocity in miles per hour instead of against a uniform scale of pressue drop 
in inches of water. The results given in THe 1929 Guipe for a 13-in. brick 
wall have also been plotted in Fig. 6. The curves on this sheet show that infil- 
tration increases rapidly as the wind velocity increases. This is shown in 
Table 2, for Wall 4. 


Table 3 gives the infiltration through the various walls at wind velocities 
ranging from 5 mph to 30 mph. 


The curves show that Wall 6 is considerably poorer than any of the other 


Al- Frame WITHOUT CALKING 
0-FRame CALKeo On Pressure SIDE 
C-FRAME CaLKeD ON BoTH SIDES 





(rn. TRATION in Cusic fkeT Per inure 


Fic. 4. SHows Errect or CALKING THE Mortar JoINT BETWEEN THE 
CHANNEL FRAME AND WALL 


walls. By improving the workmanship and using cement-lime mortar rather 
than lime mortar in Wall 4, the infiltration loss is cut to slightly less than 50 
per cent. In the case of the hard brick walls, Wall 5, the poorest, allows the 
passage of 37 per cent as much air as does the poorest wall built of porous brick. 
The best wall built of hard brick, Wall No. 2, allows the passage of about 70 
per cent as much air as the poorest wall built of hard brick, Wall 5. The com- 
parison given here between the poorest and best walls for each type of brick 
is not strictly true since the poorest of the two hard brick walls had cement- 
lime mortar as against lime mortar for the poorer porous brick wall. 


However, the comparison shows that there is a greater variation in infiltra- 
tion between the good and the poor walls built of porous brick than between 
those built of hard brick. This may be due to one or more of several causes. 
One possible cause is the variation due to chance. Were a similar set of walls 
to be built the results likely would not check exactly the results of this series of 
tests because of a variation in materials and workmanship. Also, there is a 
possible cause in the psychology of good materials. A workman instructed to 
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do equally poor work on two walls, one built of hard brick and the other of 
porous brick might unconsciously do better work with the better material, the 
hard brick. It also seems logical to believe that two walls of good workmanship 
are more likely to be on a comparable basis from a workmanship stand- 
point than would two walls of poor workmanship, inasmuch as a completely 
slushed wall is more easily duplicated. 

Since poor workmanship consists mainly in leaving voids between the bricks 
in the interior of the wall, and since the porous brick is likely to be much less 
uniform in density it may be that poor workmanship opens up passageways for 


dn Incnes OF WATER 


Wate kino OF kino OF Or 
2 Goon CenenT-Lime argo 
3 Go000 Lime Haro 
a Goon Cenment-Lime Porovs 
Ss Pooe CemenT-Lime HARD 
6 Poor Lime Porous 





wri.TtTRaTion in C.F.H. Per Sa.FT. OF WALL 
Fic. 5. Resutts or TESTS ON THE FIvE WALLS 


air through short distances from the face of the porous brick to the voids, and 
then out on the other face of the wall through a short distance of brick. This 
explanation requires that the hard brick wall passes most of the total infiltration 
through the mortar joints. 

Another possible cause for this greater variation between the best and poorest 
of porous brick walls as compared to the best and poorest of hard brick walls 
is in the effect of the porosity of the brick on the proper setting of the mortar. 
It is likely that the porous brick draws the water from the mortar before it has 
time to set and consequently causes an opening of pores and a shrinking away 
of the mortar from the brick surfaces. 


A wall built of hard brick, lime mortar and poor workmanship would have a 
probable leakage of 4.59 cu ft per hour per square foot at 15 mph. This is 
equal to the leakage through Wall 5 which was built of hard brick, with 
cement-lime mortar and poor workmanship plus the difference between the leak- 
age of lime mortar and cement-lime mortar as applied to hard brick Walls 2 
and 3 (3.85 +. 0.74 = 4.59). This then would be a wall built to the same speci- 
fications as Wall 6 except for the difference in brick. A comparison shows that 
this poorest hard brick wall would have a leakage of 44 per cent as great as 
that through the poorest porous brick wall, 
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The substitution of cement-lime mortar for the lime mortar in this poorest 
hard brick wall would reduce the leakage by 0.74 cu ft per hour per square foot 
of wall at 15 mph or a saving of 16 per cent. The difference in leakage of 
Walls 5 and 2 gives the comparison of good and poor workmanship for hard 
brick walls. The saving in using the better mortar is 1.14 cu ft per hour per 
square foot or a saving of 24.8 per cent. The total reduction in infiltration 
by using the cement-lime mortar applied with good workmanship in place of 
lime mortar applied with poor workmanship is 1.88 cu ft per hour per square 
foot for hard brick walls, or a reduction of 41 per cent. 

The same comparison of mortar and workmanship cannot be made individu- 
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ally for porous brick walls, since only two walls were tested. However, the 
best porous brick wall on which cement-lime mortar was applied with good 
workmanship has a leakage of 5.30 cu ft per hour per square foot less than does 
the poorest porous brick wall, which uses lime mortar applied with poor work- 
manship, or in per cent the reduction is 51.2 per cent. For hard brick this 
reduction was 41 per cent. This seems to indicate that it is more important to 
use the best mortar and workmanship on porous brick walls than on hard brick 
walls. This is indicated both by the greater saving in cubic feet of infiltration 
and by the percentage saving. However, the item of costs would also enter in 
choosing material and workmanship. The hard brick is more expensive and the 
added cost of cement-lime mortar over lime mortar, and good workmanship 
over poor workmanship would result in a smaller percentage increase in the 
wall cost than in the case of porous brick walls. 

A hard brick wall with lime mortar applied with poor workmanship would 
have a leakage of 4.59 cu ft. The porous brick wall with cement-lime mortar 
and good workmanship has a leakage of 5.05 cu ft. Then the poorest hard 
brick wall has a leakage 91 per cent as large as that of the best porous brick 


wall. 
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Since good workmanship and cement lime were both used on Walls 4 and 2, 
the difference in leakage, 5.05 — 2.71 = 2.34 cu ft per hour per square foot, 
seems to indicate the difference between infiltration values of the two bricks. 
That this difference is not all due to the difference in bricks seems to follow 
from a consideration of the porosity of the bricks as measured by the water 
absorption test. 


The hard brick had an absorption value of 13.84 and the porous brick a value 
of 20.69. (These values are to be checked by future independent tests.) If it is 
assumed that the leakage to air would be in proportion to the absorption to 
water, the infiltration through the porous brick should be 150 per cent of that 
through the hard brick. Two equations are then available relating the infiltra- 
tion through the hard and porous brick. 


P, — 1.5 H, 
P, — H, = 2.34 

where P, = leakage per hour per square foot of wall through the porous brick. 

and H,= leakage per hour per square foot of wall through the hard brick. 
Solving these simultaneously the infiltration value for hard brick would be 4.68 
cu ft per hour per square foot and for porous brick would be 7.02 cu ft per hour 
per square foot. These values are both greater than the leakage due to the 
porosity of the brick, to the effect of good workmanship and cement-lime mortar, 
as shown for Walls 2 and 4. With the assumption made this would mean that 
the difference for the two bricks, 2.34 cu ft per hour per square foot, was not due 
entirely to a difference of infiltration through the bricks alone. This points to 
the conclusion that the same grade of workmanship results in more leakage 
through cement-lime mortar joints on porous brick than on hard brick. This 
might be attributed to the drying out effect due to the porous brick absorbing 
moisture from the mortar during the setting process. This drying out would 
open the pores of the mortar or cause the mortar to shrink away from the brick 
surfaces and would prevent a proper bond. This would indicate then that to 
secure the same infiltration through mortar in a porous brick wall as in a hard 
brick wall additional care in workmanship would be required to.the extent of 
soaking the bricks before laying. 


It seems impossible to know for a wall like Wall 2 just how much of the 
infiltration is due to workmanship, how much to mortar and how much to the 
brick itself. Making the guess that 1.0 cu ft of the total of 2.71 cu ft infiltra- 
tion for Wall 2 is through the brick itself and substituting in equation P, = 
1.5 H, the infiltration through the porous brick would be 1.5 cu ft per hour per 
square foot. The difference then between the infiltration through the two bricks 
is 0.5 cu ft as compared to 2.34 cu, ft as arrived at from a comparison of values 
for Walls 4 and 2. The difference then, 2.34 — 0.5 — 1.84 cu ft, would be due 
to the greater drying out effect of the mortar in porous brick construction as 
compared to that occurring in hard brick construction. 


The leakage through an individual brick would be such a small quantity that 
it seems impossible to find the leakage by testing individual bricks. Also indi- 
vidual bricks would vary in leakage characteristics. To obtain the infiltration 
through the bricks only, a wall might be built up by using a plastic compound 
or an asphalt applied hot as a mortar. Sealing off the faces of the mortar joints 
by painting with asphalt would not give a true determination of the infiltration 
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through the bricks only. There still would be the chance for air to enter 
through the faces of the bricks, then enter and travel through the mortar and 
out through the face of the bricks on the opposite side of the wall. The relation 
between the water absorption and air infiltration characteristics might be known 
by testing bricks only. 

The tests on walls for infiltration through bricks only would give a means of 
obtaining the leakage through lime and cement-lime mortars used in walls built 
of the same bricks. The drying out effect of brick on the mortar joint suggests 
an interesting study in the building and testing of a hard and a porous brick 
wall with bricks soaked before laying. For proper comparisons, two additional 
walls built up of bricks of the same lot and with mortar of the same batch but 
without the soaking of the bricks should be tested. This method of testing for 
leakage through the mortar joints combined with the wall tests for infiltra- 
tion through the bricks only suggested in the previous paragraphs would give 
a means of obtaining the infiltration through various mortars applied in various 
ways. Mortar is used mainly for joints between bricks so the tests men- 
tioned would seem to give better determinations than testing mortar by itself, 
by using in a poured mortar wall, or as a plastered wall with a metal lath as a 
base. 


DISCUSSION 


L. B. Lent (Written): This investigation discloses at once that infiltration 
through brick walls is by no means a constant quantity, but is of widely varying 
amounts, depending on several factors. The maximum and minimum values ob- 
tained for a 15-mile wind velocity are 10.35 and 2.71, respectively; this maxi- 
mum value thus being 380 per cent of the minimum one—a wide variation, 
indeed. 

It would appear, therefore, that the use of a single average value for air infil- 
tration through brick walls is, at best, a mere approach to accuracy and might 
result in errors of considerable magnitude. 


It is quite apparent from experiments on only these five walls, that the amount 
of air infiltration through brick walls is governed by several factors, just as is 
the strength of brick walls. But when we pass from these general observations 
and attempt to discover the effect of individual factors, the task is not so easy. 

Of the three principal variables, brick, mortar and workmanship, the first two 
can be held constant for most any test series, but workmanship is not easy to 
control and is perhaps that factor having the greatest influence on results. I 
am inclined to believe that some, or all, of the discrepancies noted by Professor 
Larson are due to the variation of this workmanship factor. For this and other 
reasons it will be interesting to carefully examine these walls, when they are 
demolished, after the completion of the tests and note the character of the work- 
manship, especially as it relates to joint filling and adhesion between bricks and 
mortar, for different grades of workmanship are principally characterized by 
differences in these two items. In our endeavor to evaluate the effect of each 
of the three variables, the work of Raisch in Germany may throw some light 
on the subject. A report of his work is found in the July 28, 1928 issue of 
Gesundheits-Ingenieur. His experiments were on brick walls laid in mortar 
and on similar walls with all joints sealed with bituminous materials and wax. 
He also studied the penetrability of mortars alone and of bricks alone. 
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Some of his findings and conclusions may add useful information and are 
given briefly herewith: 

1, In brick walls which had cured for 2, 3 and 20 months, the longer drying 
period showed increased air flow through the wall. 


2. The amount of air passing through a mortared wall is far in excess of 
that which one calculates from the data on a single brick; the ratio being ap- 
proximately 380 to 1. 

3. Air penetrability of brick alone is exceedingly small and does not at all 
represent the flow through the wall, nor has it any specific relation to it. 

4. The mortar is far more easily penetrated by air than is the brick. And 
additions of cement to mortar decrease the penetrability. 

It would appear, from the results of both Professor Larsons’ and Raisch’s 
*nvestigations, that the character of the mortar joint has much more influence 
on wall infiltration than the physical qualities of the brick. And in this con- 
nection, it is important to know whether the bricks, especially the porous ones, 
in the University of Wisconsin tests, were wet before laying. Professor 
Larson’s report does not give this information. If the porous bricks were not 
wet (they usually are in commercial work), they would undoubtedly absorb 
water from the mortar and so produce a less effective bond. This may well 
explain some of the discrepancies, as Professor Larson has pointed out. 

It is doubtful, in my opinion, if air infiltration through bricks is closely related 
to their absorption or porosity, as is suggested. Many tests on Chicago bricks 
(the same porous bricks used in these tests) at the Bureau of Standards show a 
porosity (measured by the 5-hour boiling method) .of between 16 and 17 per 
cent, instead of the 20 per cent reported by Professor Larson. And this lower 
percentage would, of course, bring them nearer the value of 13.84 per cent for 
the hard bricks and so alter this ratio. 

A detailed discussion of Professor Larson’s ingenious analyses and calcula- 
tions is not offered herein. Some conclusions of my own are: 

1. The apparent discrepancies in results are, I believe, due largely to a vari- 
ation in the workmanship factor; most difficult to control as Professor Larson 
points out. 

2. The character of the mortar joint has far greater influence on air pene- 
tration than the physical properties of the bricks. 

3. While cement-lime mortar has less penetrability than lime mortar and the 
richer cement mortars less than those with less cement, the workmanship factor 
has more influence than either. 

4. That in any future tests, it is desirable, though admittedly difficult, to hold 
the workmanship factors (both poor and good) as constant as possible, if the 
effect of other factors is sought. 

5. That information published in Tue Guipe be fully informative, pointing 
out that our knowledge of this subject is in the process of development and that 
values for air infiltration through brick walls cover a wide range and are not, 
therefore, fixed or constant. 

ArMIN EL_MENporF: I should like to ask if Professor Larson expects to 
make any air infiltration tests on brick veneer walls. 

Sometime ago I had occasion to make a recommendation on insulating a large 
brick veneer residence in which the framing was of steel. A strong rain drove 
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against the outside of the brick wall which was only 4 in. thick, sending streams 
of water through the mortar joints and down on the inside surface. It wasn’t 
necessary to make an infiltration test on a wall of this kind. The many crevices 
permitting air currents to pass through practically wiped out any insulating 
value there would be from a perfectly laid brick veneer wall. In computing the 
heat transmission of a completed wall with brick veueer laid as poorly as in this 
case, the brick wall would have to be eliminated entirely as a factor contributing 
insulation. 

If the bricks are loosely placed with many openings in mortar, and if this is 
commonly the case in brick veneer walls, it would seein that heat transmission 
computations should always omit brick veneer as a factor contributing insula- 
tion. 

G. L. Larson: I might say in answer that I am not much of a prophet; I 
don’t know what we will get into. Probably as time goes on we will be able 
to test just such a wall. 

H. M. Hart: Does the paper state how long the coat of plaster was allowed 
to dry? 

Proressor Larson: About three weeks before the test was made. 

E. B. LANGENBERG: Would it be possible for Professor Larson to take the 
research work done on chimneys and flues, and get the difference in weight of 
air between hot inside and cold outside? This would give some indication of 
the infiltration through the brick. This is a problem that affects every heating 
man in the United States, and if such data could be put in usable form they would 
enable the mason contractor to install brick construction for chimneys right and 
thereby help the heating contractor. This is a problem with which we are 
continually confronted. In some of the old brick set furnaces, the heat inside 
has cracked the mortar and separated the brick and we find leakage of dust to 
the inside. It is difficult to convince the owner that the dust is not coming 
from the heating plant but rather from the cellar. The only way we can prove 
it is to put a little pressure on the inside and force smoke through the cracks. 


S. R. Lewis: It might be interesting to remember that this work is being 
done in cooperation with the University of Wisconsin, and the Common Brick 
Manufacturers Association and we believe that the effect of good workmanship 
probably will be broadcast by the Common Brick Manufacturers Association. 

E. S. Hattetr: The use of lime mortar is mentioned as producing about 
25 or 30 per cent increase in infiltration by using such mortar. I am in hopes 
that the profit to be gained by using lime-cement will be brought out so that 
we shall have lime-cement instead of lime only. 


During the tornado we had in St. Louis about a year ago, several schools were 
blown down, and all of them were built with lime mortar. One school that was 
destroyed, had a thousand pupils in it at the time, and two minutes after the tor- 
nado struck the school, there was a foot of brick and debris in the yard. Twenty 
minutes before that the children had all been in the yard. In this school not a 
child out of a thousand was hurt; yet the school was practically destroyed. The 
exterior walls all fell out. Other schools in the path of the tornado built at 
later dates with lime-cement were not damaged although they were subjected 
to the same intensity of wind, and the same storm passed right over them, The 
insurance value of lime-cement over lime was the value of a thousand lives in 
that school. It is difficult, perhaps, to persuade people to use lime-cement mortar 
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when lime mortar is cheaper, but if the owner knows that he is going to 
reduce infiltration 25 to 30 per cent and thereby reduce fuel consumption, it 
ought to be of some value as an inducement. 

D. R. Brewster: To what extent is this good construction that Professor 
Larson mentioned (in which the mortar is flushed clear through from the inside 
to the outside of the joint) actually used in practice in the building of brick 
walls. The amount of mortar used seems to have a very marked effect upon 
the amount of infiltration. 

Proressor Larson: We questioned around as much as we could on that par- 
ticular point and found that the kind of workmanship that we designate as good 
workmanship is not used very much. Most all brick walls are built like wall 
No. 6. Look at them from the outside and they look as good as the best, but 
if you could open them up you would find yot: have pretty much of a shell as far 
as mortar is concerned. 

L. A. Harpinc: That is true the country over and I do not believe you wil 
find many walls constructed today that have anything like slushed full mortar 
joints in the interior of the wall. I want to corroborate your statement in re- 
gard to ordinary lime mortar. That is reflected in the contractor’s bid in tear- 
ing down old buildings. We allow $6.00 per thousand for brick laid up with 
lime mortar for salvage; and if they are laid up with good lime-cement mortar, 
we don’t allow anything for salvage. 

E. C. Evans: Were any records kept of the amount of mortar per thousand 
brick, and will the brick association working with Professor Larson disseminate 
that kind of information to the trades; because if they-don’t we will lose the full 
benefit of these tests? 

J. D. Cassett: This controversy is getting very pertinent with me. Mr. 
Hallett spoke on the difference between lime mortar and cement. Our program 
in Philadelphia is to insist upon 10 per cent lime introduced into the cemeni 
mortar, but no more. There are preparatory mortars that we wouldn’t use 
because they use more lime than that, and it reduces the strength. Pure cemeni 
and sand make the strongest mortar, but it is not so readily laid. 

In reference to flushing joints, I will discharge any bricklayer who fails to 
properly back fill or flush joints, and I oversee probably three hundred brick- 
layers a week. -These men come to us from other places, and we have our 
superintendents follow them up. If a bricklayer will not flush, that man cannot 
work for us. It is not a hard thing to do. It is not a union matter. Nearly all 
of our bricklayers are union men, but the union has nothing to do with that. 
If you want a job laid up with poor flushing, that is your fault. Insist on a 
good job, and you will get it. 

F. D. Mensinc: Regarding chimneys, everybody knows that a chimney is 
supposed to carry off smoke, and carry it out of the top. A bricklayer or con- 
tractor may not realize that it does more than that. When the chimney is all 
ready, close the bottom, drop a smoke bomb in the top, put a cover over it, go 
away and watch the result. You will get tight chimneys. 

Mr. Lewis: I think it is very interesting that the Common Brick Manufac- 
turers Association was the first organization to take up cooperative research 
with us, and I have every confidence that the information which has been gained 
by that research will be disseminated by them to the various manufacturers and 
owners. 
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APPLICATION OF OIL BURNERS TO VARIOUS 
TYPES OF DOMESTIC HEATING SYSTEMS 


By J. H. McItvarng,’? Evanston, ILL. 
NON-MEMBER 


HE designers of oil burners for domestic use have, in general, followed 

the methods of several types of industrial burners of preparing the liquid 

fuel for combustion. Certain designs have been combined with others to 
secure as many advantages as possible and to eliminate in so far as possible 
the inherent disadvantages. Higher standards of workmanship and new and 
better materials have been developed to secure quieter combustion, more de- 
pendable operation and longer life. 

This mechanical development and improvement, however, has only been a 
small part of the problem of utilizing oil fuel for domestic heating. An indus- 
trial burner is usually operated by an experienced man who makes the correct 
oil and air adjustments as draft and load conditions vary, and the load is usually 
more or less constant from day to day. The domestic heating load, on the other 
hand, varies from zero or even a negative demand in warm weather, all the way 
to full demand in extremely cold weather, and when quick heat is desired. 

Besides, the domestic oil burner must be adpated to the four types of domestic 
heating systems; steam, vapor, hot water and warm air and a fifth, hot water 
for washing and bathing. Automatically securing and maintaining the desired 
even temperature in every room while supplying hot water for washing and 
bathing presents problems of equal importance and demanding even greater engi- 
neering ability than the mechanical design of the burner itself. 

Besides the various types of mechanical design there are three fundamental 
methods of operation: 

A. Intermittent. B. High-Low Continuous Flame. C. Graduated Con- 
tinuous Flame. 


A. INTERMITTENT OPERATION 


With this method of operation flame is.all on or all off. Usually the flame, 
when on, is adjusted for fuel and air to carry from 20 to 25 per cent in excess 
of the maximum demand for heat. Thus, during a protracted cold spell, this 
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type of burner operates nearly continuously and must be capable of maintaining 
continuous operation for many hours. On warm days, when no heat is needed, 
the burner is of course inoperative. Throughout the average heating season 
such as experienced in the latitudes of Chicago and New York, the burner 
operates from 1/4 to 1/3 of the time. 

(a) Icnition. To start this type of burner automatically, some outside 
source of heat or flame is required. There are five methods in common use: 


1. Continuous Gas Pilot. This is a simple method of ignition, but, to insure 
an adequate flame in case the gas pressure drops, an excessively large flame must 
be used consuming an expensive amount of gas. 

2. Expanding Gas Pilot. With this system, the pilot is small during the off 
period of the burner and is automatically increased when the burner is started. After 
allowing a sufficient time for ignition, it is then automatically decreased again. The 
valve controlling the size of the pilot flame is controlled by means of a solenoid or 
a small motor. 

3. Continuous Electric Spark Ignition. By means of a transformer the line 
voltage is stepped up to many thousand volts. causing a spark .to jump between two 
electrodes placed so as to ignite the atomized oil. This spark continues as long as the 
burner is in operation. 

4. Intermittent Spark. With this system, the spark continues only long enough 
to ignite the oil. In some burners, the electrodes are then automatically removed 
from the zone of the atomized oil. 

5. Combination Electric Spark and Gas. In this system, the electric spark 
ignites the gas pilot, which in turn ignites the oil. 

(b) Temperature Controt. There are two methods of maintaining the 
desired temperature: 


1. By Thermostat. This device is located at some ‘point in the building which 
represents as nearly as possible the average temperature of the entire building. It is 
mounted on the wall about 5 ft from the floor and should never be exposed to the 
direct heat of the sun, a radiator or an open fire-place. It should not be mounted on 
a cold outside wall, near hot or cold pipes in the wall, nor exposed to cold or warm 
drafts from other rooms, halls, doors or windows. 

There are two types of thermostats. One type consists of a strip of bi-metallic 
metal made by welding together two metals having different coefficients of expansion. 
One end of the strip is rigidly fastened to the frame while the other end bends to one 
side if affected by a drop in the room temperature, thus making electric contact with 
a platinum point closing an electric circuit which in turn causes the burner to start. 
As the room becomes warmer, the bi-metallic strip moves in the opposite direction, 
makes another contact and causes the burner to stop. The other type of thermostat 
contains a bellows or diaphragm filled with a volatile liquid. A change in temperature 
contracts or expands this bellows which actuates the switching mechanism. With 
either type, the usual temperature differential is 2 deg. 

The bi-metallic type is usually used when a low voltage circuit of about 15 volts 
alternating current is available for the controlling mechanism. The bellows type 
is usually arranged to actuate a small mercury tube switch. In one end are sealed 
two conductors in series with the burner motor. A drop in the room temperature 
causes the bellows to depress the end of the tube carrying the conductors, thus clos- 
ing the burner motor circuit and starting the burner. An increase in the room 
temperature expands the bellows thus raising the conductor end of the mercury tube 
allowing the mercury to flow to the other end, thereby breaking the circuit and stop- 
ping the burner. 

Both types of thermostats are made with or without clocks. The plain ther- 
mostat maintains an even temperature day and night. The clock thermostat auto- 
matically reduces the temperature to any desired degree at night and raises it again 
in the morning. Where this interval is 8 hours or more, a saving in fuel is effected, 
but, for short periods, the additional heat required to bring the walls, floors, furniture 
and so forth back to 70 F may offset any saving. 
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2. By Boiler Control. With this system, the pressure in the boiler against a 
diaphragm or bourdon tube opens or closes the burner circuit by means of a platinum 
point or mercury tube switch. Diaphragms or tubes of varying sensitivity may be 
selected to accommodate wide ranges of pressure, and the starting and stopping 
limits may be adjusted to meet different weather conditions. Of necessity, this type 
of control is only semi-automatic, but in large buildings, where it is impracticable to 
locate a thermostat which would properly control the temperatures of many rooms, 
not connected and occupied by many different tenants, this method of control must 
be used if automatic operation is desired. 


Due to the fact that hot water and warm air heat are used mostly in smaller 
residences, thermostatic control is effective and control of temperature at the hot 
water boiler or furnace casing is seldom employed. 


Because the intermittent burner in the on position delivers 20 to 25 per cent in 
excess of the maximum demand for heat, it necessarily raises the pressure in the boiler 
very rapidly at the start. This is particularly true of steel or copper tube boilers. 
Consequently the pressure at the boiler rises faster than the heat can reach the 
thermostat and cause the latter to shut the burner down again. To prevent excessive 
pressures and blowing off of the safety valve, a boiler control is usually necessary to 
shut down the burner independently of the thermostat. This also prevents over-storing 
of heat in the system and resulting wide temperature fluctuations. 

With hot water heat there is very little danger due to excessive water tempera- 
ture, but there may be excessive fluctuation of room temperature unless a boiler tem- 
perature limit control is used. As a further refinement with hot water heating, the 
boiler control switch may be actuated by two temperature bulbs, one placed in the 
water and one carried through the basement wall to the outside. The water limiting 


temperatures are then automatically raised in cold weather and lowered in warm 
weather. 


With warm air heat, a spiral coil of bi-metallic metal is inserted into the furnace 
jacket near the top. This bi-metallic metal is the same as used in a thermostat except 
that it is capable of withstanding higher temperatures. Its purpose in limiting the 
temperature in the furnace casing is the same as that of the boiler pressure control 
and the hot water limit control. 


(c) Sarety Controts. If for any reason the oil fails to ignite, or if while 
the burner is in the on position, the current goes off and is subsequently turned 
on again, some means of stopping the burner is necessary. 


1. Stack Safety. This device consists of a spiral bi-metallic coil similar to the 
Warm Air Limit Control actuating one or two mercury tube switches depending on the 
type of circuit used, and serves to maintain the control motor or relay device in the 
burner on position providing the heat of the products of combustion cause it to reach a 
certain temperature within a certain specified length of time, 20 seconds or so. 

Should the oil fail to ignite, the stack will remain cold, and at the expiration of the 
allotted time, the burner will be shut off again. The accumulation of soot on the bi- 
metallic spiral affects the operation of this type of switch, and for this reason, some 
burners force air through a tube passed through the combustion chamber, the stack 
safety being actuated by the air blown through this tube. 

2. Radiant Heat Safety. In this device the radiant heat of the flame takes the 
place of the heat of the products of combustion to actuate the shut-off device. In one 
type a black surface absorbs the radiant heat causing it to expand and so shut down the 
burner. In another type, two bulbs are filled with a gas and connected by a tube at 
the bottom. One bulb is clear and one is black. The radiant heat of the flame causes 
the gas to expand in the black bulb forcing a quantity of mercury in the connection 
tube up into the clear bulb making the necessary electric contacts. 

With intermittent operation, all the methods of temperature control using thermo- 
stats, boiler controls, electric safety devices, expanding gas pilots, etc., where certain 
steps must be followed each time there is a call for heat, an accurate timing device is 
necessary to insure the proper sequence of steps and the correct time intervals. This 
timing device consists either of a small induction motor which actuates the various gas 
and oil valves and electric switches, or a system of relays and electric contacts opened 
and closed by magnets or electrically heated bi-metallic strips. 
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3. In the absence of an electric safety device, some burners use a shut-off in the 
form of a valve which stops the supply of oil to the burner, or a switch which breaks 
the burner motor circuit. In the event of a flame failure, a small quantity of oil runs 
into a bucket which overcomes a counter weight and closes the oil valve or opens the 
switch. Sometimes the counter weight is pivoted so as to pass dead center and lend 
its weight to the weight of oil in the bucket serving also to deliver an impact to firmly 
seat the valve or open the switch. 

4. In some burners a special thermostatic element serves to shut off the gas in 
the event that the gas pilot goes out. 

5. Due to rapid evaporation on starting, particularly with steel and copper tube 
boilers of small water content, a iow water safety is essential. This device consists of 
a float chamber mounted at the water line between the boiler and the glass gage. A 
drop in the water line causes the float to depress one end of a mercury tube switch 
stopping the burner. Even with slow heating boilers of large water content and weight 
of metal, the low water safety is necessary as the oil-fired boiler is not subjected to 
the sarne observation and care as a boiler fired two or three times a day with coal. 


(d) Domestic Hot Water Controt. If an additional burner is used in a 
separate hot water heater, the temperature of the water is controlled by the 
same type of switch as used to limit the temperature of the water in a hot water 
heating system. With steam or vapor heating, the water at or near the boiling 
temperature may be used to heat the independent hot water supply by means of 
a heat transfer unit. This unit consists of a chamber through which the water 
to be heated is passed. A copper coil carrying the hot boiler water passes 
through this chamber thus heating the supply water. 

With this system, in addition to the regular thermostat and boiler control, 
a separate water temperature control switch is placed in the circuit in such a 
way that if the room thermostat is not calling for. heat, and as a result the 
temperature of the boiler water falls so that insufficient heat is delivered to 
the heat transfer unit, the burner is automatically started. When the tempera- 
ture of the boiler reaches 190 or 200 F, if the room thermostat is still not calling 
for heat, the burner is shut off before any heat is delivered up into the building. 


Some boilers contain a built-in heat transfer unit in the form of a tube im- 
mersed in the boiler water, usually just below the water line. 


(e) ADVANTAGES OF INTERMITTENT OPERATION. 


1. Intermittent burners are fully automatic. No attention is required other than 
keeping the storage tank filled and periodically oiling and cleaning the mechanism. 

2. A fairly low-priced fuel may be used, as the electrical load of the atomizing 
mechanism may be considerable without an excessive cost of electricity because the 
intermittent burner only operates on the average one-fourth to one-third of the time 
during the heating season. 

3. No fuel is wasted during warm weather in the spring and fall. 

4. Long life because the wearing parts are in operation only one-fourth to one- 
third of the time. 

(f) DisapvaNntaGeEs. 

_1. Complicated ignition devices. If close temperature regulation is desired, the 
ignition cycle may be repeated as often as 12 to 24 times a day or 2500 to 5000 times 
during the heating season. 

2. Rapid expansion of gases on ignition. When the burner has been inoperative 
for a considerable length of time, the stack draft is insufficient on starting to carry 
away the products of combustion unless some means of effecting a gradual start is 
employed. If ignition is delayed until the boiler, flue and stack are filled with a com- 
bustible mixture, sudden ignition may cause such a rapid expansion of gases as to 
damage the boiler. 
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3. If an excessive number of starts and stops is to be avoided, the intermittent 
heat will cause overrunning and subsequent wide fluctuai'ons of room temperature. 

4. Heat is lost during average winter weather by excessive stack temperature in 
the on position and subsequent cooling during the off position. Heat is also lost through 
incomplete combustion when starting from a cold boiler. Close temperature regulation 
with frequent starts and short running periods increases the heat loss. 

5. Alternate expansion and contraction. This is particularly true of warm air 
furnaces where some means of absorbing heat during the on position and giving it up 
again during the off position must be employed to protect the furnace. 


B. HIGH-LOW CONTINUOUS FLAME 


As the name would indicate, this type of burner operates on a low flame when 
there is little or no demand for heat and a high flame when heat is required. The 
low flame serves as a pilot light and must be sufficiently small so as to avoid 
waste of fuel and discomfort during unseasonable warm days in the spring 
and fall. As with the intermittent type of burner, the high flame should deliver 
from 20 to 25 per cent in excess of the maximum demand for heat. 


Oil and air supply controls are usually interlocking and must be adjusted 
for both operating positions. If mechanical draft is used, the burner motor and 
other moving parts must be properly designed to operate continuously through- 
out the heating season. 


(a) IGNiTION is manual by means of a gas or oil torch and no automatic 
ignition devices are required. If the oil is prepared for combustion by vapor- 
ization, sufficient time is required to preheat the vaporizing plate or chamber. 
If the oil is atomized, ignition may be without preheating. 

(b) TEMPERATURE CONTROL. 

1. Thermostatic. As with the intermittent type of burner, the room temperature 
may be controlled by a thermostat, but instead of starting and stopping the burner, the 
flame is turned high or low. If full automatic temperature control is desired, the flame 
is operated throughout its complete range each time the demand for heat changes. This 
method is usually employed in steam or vapor systems if the full flame is required to 
vent the system. In hot water and warm air systems, the operation is sometimes made 
semi-automatic, the range and limits of the size of the flame being adjusted in accord- 
ance with weather conditions. 

2. Where the boiler pressure or water temperature is used to control the flame, an 
electric regulating device may be used, or if the burner controls offer very little frig- 
tion, they may be operated by means of the coal draught regulator providing snap ac- 
tion from high to low and back. 

(c) Wtts Tuermostatic Controx a boiler limit control is required as well 
as a safety shut-off in the event of flame failure. A low-water shut-off is also 
essential. 

(d) Water for domestic use may be heated by high-low operation in a 
manner similar to that of the intermittently operated burners. 

(e) ApvvANTAGES oF HicH-Low OPERATION. 

1. Complicated ignition devices are eliminated. 

2. The combustion chamber, the boiler, and the stack are always warm and the 
draught is capable of carrying away the expansion of gases when the flame is increased. 

3. The boiler or furnace being warm, heat is more quickly generated and deliv- 
ered to the system. 

4. Inefficient combustion in a cold combustion chamber is avoided. 

5. With semi-automatic thermostatic control, wide fluctuations of temperature 
are avoided. 
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6. Failure of ignition and over-rapid expansion of gases due to delayed ignition 
are avoided. 


(f) DisapvANTAGES 


1. Manual starting is required. 

2. In smaller installations the electrical load of the atomizing mechanism must be 
gta to avoid excessive relative current cost; consequently only higher priced fuels can 

used 

3. ‘With mechanical draft the motor and mechanism operate continuously and 
wear excessively unless oversized and made of the most durable materials. 

4. When no heat is required, fuel is wasted to maintain the low flame. 

5. If full-high flame is used in average weather, except where steam or vapor 
conditions require the maximum flame, heat is wasted. 

6. Oil and air must be adjusted for two rates of combustion. 


C. GRADUATED CONTINUOUS FLAME 


In this type of burner, the operation is continuous as with the high-low type 
with high and low limits of combustion rate to satisfy the greatest and least 
demands for heat. However, instead of only two points, the burner is arranged 
to operate at several intermediate steps so that the rate of combustion is pro- 
portioned to the demand for heat. With manual operation, the oil and air may 
be separately adjusted to any required rate of combustion. But for automatic 
operation, the oil and air controls must be interlocking and must be capable of 
permanent separate adjustment at the several intermediate steps. With mechan- 
ical draft, the burner motor and other moving parts must be designed for con- 
tinuous service. 


(a) IGNiITIoN is manual and similar to that of the high-low type. 


(6b) TEMPERATURE CONTROL. 


1. Thermostatic. To secure the full advantages of the graduated continuous type, 
the ordinary high-low type of heat regulator is inadequate. The motor-driven regulator 
actuating the oil and air controls must be capable of stopping at the several intermedi- 
ate positions of the controls. Likewise, between its high and low contact points, the 
thermostat must make intermediate contacts corresponding to the several intermediate 
positions of the motor-driven regulator at the burner. 

Thus a very slight increase or decrease in the room temperature causes the thermo- 
stat to switch the burner regulator down or up one step to balance the heat loss of the 
building. The burner is only operated continuously on the extreme high and low posi- 
tions when the demand for heat reaches a maximum or minimum. 

2. Boiler Control. As with the thermostatic control, the graduated type may be 
arranged to operate at several intermediate positions as determined by the pressure in 
the boiler or temperature of the water. If the moving parts of the control apparatus are 
light and free from friction they may be actuated gradually by means of the coal damper 
regulator. 

With graduated thermostatic control, the increase in heat is not so severe as with 
the intermittent and high-low types, but a boiler limit control is necessary in the event 
that a window is left open so as to cause the thermostat to call for heat and cause the 
boiler pressure to become excessive. The same holds true for hot water and warm air 
systems. 

3. Manual Control. Where the cost of automatic temperature controls is a fac- 
tor, the graduated continuous type may be operated manually at the burner or by means 
of chains or the like brought to a convenient place upstairs. Except for sudden changes 
of temperature or when it is desired to leave the building for a considerable length of 
time, manual control is satisfactory. Under certain conditions where an operator is 
in more or less constant attendance, manual control may be preferable. 
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(c) Sarety ContrRo;s. 


1. Shut-Off. With manual control and constant attention on the part of an oper- 
ator, no safety shut-off is needed, but under practically all conditions and _ certainly 
with automatic control, a safety shut-off is required in the event of flame failure. 


2. A low-water shut-off is also advisable even with manual control. 
(d) Domestic Hor WaTER may be heated in a separate heater or by means 
of a heat transfer unit with controls similar to those used with intermittent and 


Z high-low burners. 


(e) ADVANTAGES OF GRADUATED CONTINUOUS OPERATION. 


1. Complicated ignition devices are eliminated. ; 

2. The combustion chamber, boiler and stack temperatures are gradually increased 
or decreased and soon adjust themselves to a change in the rate of combustion avoiding 
periods of inefficient operation. 

3. The boiler or furnace responds quickly to a change in the demand for heat. 


4. Inefficient combustion due to starting in a cold combustion chamber or sud- 
denly increasing the rate of combustion are avoided. 


5. A constant supply of heat is delivered to the heating system insuring continu- 
ous circulation and avoiding temperature fluctuations. 
6. Heat is not wasted by alternately forcing the boiler or furnace and cooling it 
off again. 
7. Boiler and furnace are not subjected to alternate expansion and contraction. 
(f) DisapvANTAGES OF GRADUATED CONTINUOUS OPERATION. 


1. Manual starting is required. 


2. In smaller heating plants the electrical load of the atomizing mechanism must 
be low to avoid excessive relative current cost; consequently only the higher priced 
fuels can be used. 


3. With mechanical draft, the motor and moving parts operate continuously and 
must be made oversized and of extra durable materials to avoid excessive wear. 


4. When no heat is required, fuel is wasted to maintain the low flame. 
5. Oil and air must be adjusted for each operating step. 

The proper application of the various types of oil burners to the many existing 
types of boilers and furnaces and the selection of domestic boilers and furnaces 
to give the most satisfactory and efficient results with oil fuel are such broad 
subjects that no attempt has been made to cover them in this paper. 


The American Oil Burner Association as well as the individual oil burner 
manufacturers are conducting extensive research programs to determine as far 
as possible the combinations which will effect the best results. It is to be 
hoped that the improvement of oil burners and controls will be met by a corre- 
sponding development in boilers and furnaces designed especially for oil fuel 
and that a closer cooperation between these two branches of the heating indus- 
try will result in securing the full advantages of automatic oil heat. 


DISCUSSION 


E. C. Evans: Nothing is touched on in this paper about confining or absorb- 
ing sound energy. Has anything been done to cut down the sound of an oil 
burner? I am speaking of residential burners. 

J. H. McItvarne: The design has been improved tremendously in the last 
three or four years; principally, the velocity of the air supporting combustion 
has been reduced. With the industrial type of burner, using a heavy oil a high 
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pressure is required to break up the oil. A lower air pressure may be used 
with the lighter oils thereby resulting in a so-called softer flame which reduces 
the noise of combustion to a great extent. 

Mr. Evans: With the control now possible with oil burners, it seems that 
wonderful progress has been made. There is no question about the advantages 
of doing away with the coal heater (of which I am a user) but the oil burners 
I have heard in the residences of my friends, in the still of the night would be 
extremely objectionable. 

It should be possible to lead the sound energy out of the combustion chamber. 
You frequently do that in ventilation work. It helps with our troubles with 
organ blowers, etc.; it is a well-known fact to our entire body that sound is 
energy and can be made to travel the way you want it like educated arrows. 

That point should be emphasized because I think the progress of the oil burner 
industry has been and will continue to be seriously impeded until they lick the 
very objectionable feature of sound. 

H. M. Hart: This is an excellent paper and one by which the heating con- 
tractor, as well as engineer, will be greatly benefited, and I think we are in- 
debted to Mr. McIlvaine for the very comprehensive manner in which these 
different devices have been explained. Nothing is said about the efficiency under 
different rates of combustion. I am particularly interested in that in reference to 
the graduated flame. At what point of combustion does the greatest efficiency 
prevail ; is it the same degree of efficiency all through the different rates of com- 
bustion, or is there a difference? If so, how much difference? 


H. R. Linn: I have been a very careful observer of the oil burner in domes- 
tic service for about ten or twelve years. 

Mr. Evans raises a point that has been ironed out and done away with. You 
can get a dozen burners today that make so little noise that you can scarcely 
hear them when you are upstairs. I was in Lake Forest a month or so ago, 
dining with a family, and the man remarked that he had an oil burner in his 
house. I asked him if it made any noise, and he replied that he did not know. 
“Let’s see! (Listening) It is not running. (Still listening) Yes it is, too.” 

That is not exaggerated. The subject of noise has been promulgated by 
those opposed to oil burning, and should be given no credence as there is 
nothing to it. 

As far as the rates of combustion are concerned, we have run a lot of tests 
on oil burners. There is little difference in efficiency at different rates of com- 
bustion. If a man asks me what burner he should buy, there are three things I 
tell him to look out for. First, how well serviced the burner is in his territory. 
You wouldn’t buy an automobile that was made in Melbourne, Australia, and 
had to send to Melbourne to get some one to fix it. The same thing applies 
to an oil burner. 

Second: How quietly it runs. There are some burners that do not run 
quietly, but so many do run quietly that he should be careful that he is getting 
one that is in the quiet class. 

The third is Efficiency. The efficiency side of the burner will be forgotten 
long after you remember having had to send to Melbourne, Australia, for a 
repair man to come and repair it, 
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I think this paper is wonderful. I think this Society has paid entirely too 
little attention to this new industry. Our Society has spent literally thousands 
and thousands of dollars in research that has benefitted one industry largely, 
and now we are not doing anything to help the Oil Burner Industry. I don’t 
know why we should not start some research work in oil burners. It certainly 
is one of the coming modes of heating homes, and we are all interested today 
in making our homes more comfortable. We pay a lot more for things today 
than we did ten, fifteen, twenty or twenty-five years ago, and yet for some 
reason or other we look askance at the oil burner. 

Mr. Mcllvaine touched very lightly on one subject that I wish he had gone 
a little more thoroughly into; that was the adapting of the oil burner to the 
existing heating systems. Some burner manufacturers have been more success- 
ful in that than others. 

I am inclined to think there is a lot that can be done on that. I thought some 
three or four years ago I had struck at a panacea of all troubles of getting the 
right burner in the right boiler by classifying the types of flame, and I classified 
those flames in four ways: the pot type flame, the gun type shaped flame, and 
the flame which whirls around horizontally and another flame which is largely 
disappearing from the domestic field, that was the straight shot flame. Then 
they commenced getting combinations of these flames, and I lost out entirely. 

In closing I want to suggest that we give consideration to doing a little re- 
search work for this industry which will benefit so many thousands of homes. 


B. K. Eaton: I have enjoyed Mr. Mcllvaine’s paper very much indeed. 
I do not happen to be associated with Mr. McIlvaine in any other way than as 
a very friendly competitor but I do recognize and appreciate the value of tie 
work that he has done preliminary to this paper, and the very fair manner in 
which he has presented the merits and demerits, if there be any, of the various 
types of burners. 

There is one thing that is of distinct interest to me. That is the cooperation 
that this organization can give. In the design of domestic heating systems for 
oil burners there are two vital defects that we meet in a great many systems. 
The biggest defect is the chimney. A great deal of work has been done by 
this organization and by some of the large boiler manufacturers, but the fact 
remains that nine out of ten complaints are traceable to the chimney. We run 
into some peculiar situations. 

I mentioned one a few years ago before the Oil Burner Association and a 
heating engineer present came to me later and said “I enjoyed the illustration, 
but I doubt it,” yet the illustration is true. This is it: 

An architect on the West Coast was designing a six-story building to be used 
as a dry goods store (the Rankin Dry Goods Co., Santa Anna, Calif.) and he 
called upon an engineer for a specification. The engineer specified a 12x12 
flue for that particular building and the particular fuel in use. Another architect, 
for the Friends’ Church at Whittier, Calif., called upon this same engineer to 
make a specification, and his specification for that particular job was a 12x12 
flue, the heating plants being practically identical in load and boiler. When 
these two jobs were built neither would work. At the Friends’ Church at 
Whittier the 12x12 flue had been increased by the well-meaning architect to 
24 x 24, thereby, as he said, doubling the stack. You know what that means, 
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In the other job the stack was built in a party wall, and when they began 
to figure dimensions they decided on a flue 20 in. long and 4 in. wide, since 
they would have the same perimeter as the 12 x 12. 


Both troubles were eliminated through a correction of the chimney. 


There are today a number of new style jacketed boilers made by different 
boiler companies. We find that there is a tendency on the part of the steam 
heating contractor when he installs such boilers to depend upon the patent 
insulated metal jacket to entirely diminish the loss of heat. 


I installed one of these boilers in my own home which I built this last sum- 
mer. Upon taking draft readings I found that I had 0.15 in. draft in the base 
of the stack. I had 0.05 in. draft in the burner. Where did the other 0.10 go? 
A beautiful looking job—but too great a draft loss. 


We took the jacket off the boiler and with a candle test found that there was 
not a single inch between the sections where the flame did not pull in. Ten 
pounds of boiler putty, a replacement of the jacket, and the draft was 0.09 in the 
burner firepot instead of 0.05. 


There has been a great amount of practical research work done in the field 
by the responsible oil burner companies. I think some of this lackadaisical 
attitude that Mr. Linn has spoken of has been due to the fact that there have 
been thousands of oil burner manufacturers, whereas there is a small group of 
high grade, progressive, intelligent oil burner manufacturers, each of whom 
maintains a laboratory to study these very problems—of which problems, noise 
was one of the first. 


Now, take this matter of the complication of ignition. It has been eliminated 
in the case of the gas type burner through the use of the old fashioned gas 
pressure regulating valve, which maintains pressure at the burner irrespective 
of pressure fluctuations in the gas line. 


One of the large regulator companies has developed a robot for controlling 
electric ignition which is as wonderful to us today as was the thermostat of 
40 years ago. t 

I do believe, if this organization, of which I am proud to be a member, will 
follow Mr. Linn’s suggestion and recognize the oil burner industry as a tre- 
mendous industry, forgetting the curbstone oil burner manufacturer just as 
they forget the curbstone plumber and cooperating with the leading oil burner 
manufacturers, coordinating, if you please, the work of their laboratories (and 
I do not speak idly, there are at least half a dozen excellent laboratories in 
existence) there is going to be a better feeling between the oil burner leaders 
and members of this organization. There is also going to be a greater advance 
in the happiness, satisfaction and success attained from the use of heating plants 
in general, as well as those which use oil burning equipment. 


Mr. Hart: The gentleman who just spoke brought up some of the weak- 
nesses of the heating system for oil burner application, and he overlooked one 
that I think is quite important, but which the oil burner manufacturer seems to 
require of the heating design; that is this: Mr. McIlvaine has given us the 
information that there are cures, but I don’t think that the oil burner industry 
is as familiar with this paper as they should be. I am speaking in reference 
to control. My experience has been with residences of the larger type and 
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through lack of cooperation between the oil burner organization and the heating 
contractor, we have had nothing to say about the oil burner that went in or the 
method of control, and it has usually been of the ordinary type of oil burner, 
wherein the flame was controlled from one thermostat placed in one room of 
about a twenty-room house. 


Anyone who has had the experience of trying to get results from such an 
installation knows that it cannot be done. The oil burner man expects a heat- 
ing system to deliver instantaneously the same amount of heat from a boiler to 
every radiator in the house. 


The heating contractors have had serious difficulties with their systems with 
such installations, and I know of a number of heating contractors who decline 
to be responsible for their guarantee for results when an oil burner is installed 
on their system because their system is not designed for operation with a fire 
such as the oil burner will give, and that is a flame that is all on or all off. 


The only way we have been able to secure satisfactory results is to ask for 
continuous operation. We have asked several burner manufacturers if it were 
not possible to change their control so as to make the limiting device on the 
boiler the master control and the thermostat the secondary control, and in every 
instance I have been told that it could not be done. The same thing applies 
to a vapor system with a big house, the thermostat being located downstairs 
where the rooms are not allowed to cool at night time and the bed rooms are 
allowed to cool; the starting load in the morning is very light to bring up the 
temperature in the room in which the thermostat is located; it comes up quickly ; 
in fact, it comes up and shuts off the oil burner before steam ever gets to the far 
radiators. 


Those are the difficulties that we have in large residence heating. It does 
not apply to the small residence—that is simple—the radiators and rooms are 
not so far scattered, but I think that closer cooperation between the oil burner 
man, heating engineer and the heating contractor would help to a great extent 
in ironing out these difficulties. 


One other experience we have found is this: that the oil burner manufacturer 
in trying to play safe sometimes has based the size of his burner on the rating 
of the boiler. Taking the ordinary heating boiler, as rated today and putting 
in a flame that will allow for 25 per cent in excess of the rating of the boiler 
makes a very distorted system and adds to the difficulties of control. 


E. B. LANGENBERG: Speaking of automatic control, I installed a job not 
long ago, and I told the owner that there was only one other automatic control 
I could put on, and that would be a control on the oil tank; when the oil reached 
about 4 in. from the bottom, a bell would start ringing and could not be stopped 
until the oil in the tank was replenished. 


It ran along for two weeks and the owner called me up and said, “What will 
it cost to put in that automatic control? I put 2500 gal in my tank, the tank 
sprung a leak and the oil is out in the dirt, and I have to have some oil.” 


The public will pay for convenience. It is coming in automatic stokers; it is 
coming in oil. After we get the oil, we are going to get the gas. They have 
their troubles with condensation in the flue. That is one thing I want to talk 
about, condensation in the flue with oil burners. The on and off periods get so 




















206 Transactions AMERICAN Society or HEATING AND VENTILATING ENGINEERS 


far apart that your boiler chills down, and you get gluey substances in strings 
6 or 8 ft long. We had occasion to wreck a flue and discovered that condition 
in this flue. 

We have worked out a solution to offset this condition where you use a re- 
fractory material in the firepot. There is a certain amount of latent heat held 
in that refractory material for a definite length of time, and it has a tendency to 
keep the flue a little warmer than where you impinge the flame on a cold surface, 
such as a cast-iron boiler where the chilling effect has a tendency to create soot 
and smoke, and the other things that make an oil burner work unsatisfactorily. 

We had a talk with all of the oil burner men in St. Louis and said “You must 
quit passing the buck to us in the heating business. We are not going to pass 
the buck any more to the oil burner man. Will you do so?” 

They said “Yes”; they had had their load of trouble. When we come to a 
trouble job, the two of us get together. My man checks according to the Stand- 
ard Code. We figure the heat losses to be sure they have been taken care of; 
then we get together with the oil burner man and say, “What is the most efficient 
rate of combustion you can put in this furnace to take care of the heat losses?” 
And he sits down and figures, and a lot of these fellows do not know about oil 
burners except the sales end, and we insist that they find what the Btu output is. 


We took a number of their burners and put them through a test, and dis- 
covered we had outputs that varied greatly, and the difference in cost of the 
burners was about $250. We have ironed out our troubles as far as the con- 
sumer is concerned, by working together. It is the very thing Mr. Hart has 
mentioned and the best we can do. 


Another thing we found was the difference in control between gravity warm 
air heating and fan systems using the Sirocco type fan to develop a pressure on 
the system, especially in the larger houses over twelve rooms; we find that we 
cannot turn the fan on for 6% min after the oil burner comes on. There seems 
to be a period of between 6 and 7 min no matter how hard you run your burner. 


Consequently, we developed a relay so the thermostat that controls the system 
upstairs turns on the oil burner; as soon as the temperature in the canopy 
reaches between 200 and 400 F the fan turns on. As soon as the thermostat 
upstairs reacts both fan and burner are turned off at the same time. 


By this method we have been able to maintain a temperature throughout the 
house that does not vary more than practically 114 deg in temperature in every 
room in the house. In windy weather with wind velocities in excess of 20 mph, 
that varies. It varies also in water or steam jobs. 


Flue temperatures vary considerably in different types. The opinion has 
been expressed that for burning any particular type of fuel, it is necessary to 
have apparatus built for that particular fuel to obtain the highest efficiency. 
Many oil burners have been put into operation with small combustion chambers. 
You cannot get proper combustion, and that has to be corrected. 

A number of manufacturers have already built apparatus especially adapted to 
oil burning. I have one in mind we are working on at the present time. It has 
developed practically 89 per cent efficiency and a flue-gas temperature of prac- 
tically 300 F. About six other companies are working on the same problem, 
and no doubt they will come out in the next year with new designs. 
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One thing we have suggested to the oil burner people in St. Louis is that 
when an oil burner is installed in apparatus already in use, the apparatus be 
torn down and cemented, not just plastered up with cement in the cracks. You 
have to unmount the whole thing and put fresh cement in to get a key set; 
otherwise you are going to have trouble. We have had several damage suits 
where the house smoked up, and part of it was caused by wrong combustion in 
the chamber, and the other the apparatus was not cleaned out. 


We are recommending that in all changes from soft coal to gas, oil or hard 
coal, the plants be thoroughly cemented and checked over at the time. By 
working the two industries together we are beginning to get results worth while. 

As far as noise is concerned, we are not bothered much with that any more; 
they have found they can build boxes in front of the noisy ones and eliminate 
the noise. People are getting used to ice and sewing machines and if they 
have fifteen kiddies in the house they do not worry about noise anyway. 

Laura A. CausLe: I am chairman of the National Conference Board of 
Sanitation, and I am tremendously interested in the discussion. It would seem 
to me, from the ease with which this discussion has gone on, nearly all your 
problems are solved. 

There is a problem, however, that is not solved, and we want you to solve it. 
We are dead tired of the infernal smoke of heating plants. 

Now then, that must be cleaned up because we insist on having clean air for 
cities. We insist on it for any kind of heating apparatus. We have been mak- 
ing a study for three years of the loss of sunlight in the City of New York. 
This has been done in cooperation with the Public Health Service of the United 
States government, and we find that there is a constant loss of from 35 to 89 
per cent of the available sunlight in New York City. You who come from 
there know that it is not the dirtiest city in the world, although it has become 
unnecessarily dirty in the last 8 or 10 years, due to the soft coal and oil which is 
now being burned in the city ignorantly. 

We are saying to the Federation of Women’s Clubs and to all organized 
business men who care a whit about what is going on, that we will not sign 
any more contracts for building heating apparatus in our houses unless there 
shall be an absolute guarantee of smokelessness, and we are asking that of busi- 
men generally. 

We are a democracy. In the early days we did not like a tax on tea, not a 
bit; we went to war for a release of taxation without representation, and yet 
we are standing an invisible tax of from $16 to $20 per capita in all the muni- 
cipalities in New York; that tax amounts to $96,000,000 a year, if we base it 
on the estimate of $16 per capita, and the loss is in the dirt and filth that comes 
into our homes. 

Now, this is just an economic loss, and there is not a question in that about 
the loss of time through illness through respiratory sicknesses or what not. 

The time has come for a showdown. We do not tolerate a dirty old oil lamp 
in our homes. In the days when we did have oil lamps, there was some one 
person who usually got the job of cleaning, some one who had the patience 
to insure a clean flame as long as the family wanted to use the light. 


I know as a housekeeper and a trained woman, that something of that same 
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sort of cleanliness of method has to be introduced into the burning of these 
dirty, smoky fuels. I believe it is perfectly possible for the engineers of this 
country to solve that problem, and do it pretty quick. It would seem from the 
ease of this meeting that the solution of this problem is almost in your hands, 
if you would forget some of these other things, and go at it, because nearly 
everything is done. 


Now let us have systems of burning fuels of all kinds that relieve us of the 
smoky output, that relieve us of the cinders, that clean out the gases, so there 
is a measure of safety to the citizen who is perfectly defenseless. 

I have been asked to come here by your own organization. I am happy in 
the privilege of coming. There is no conflict between the householders and 
business men of the country, and the people who do this work. We say, here 
is your problem; please solve it for us; but from now on there will be a constant 
effort for clean air for cities and we will not sign any contracts for heating ap- 
paratus which do not guarantee smokelessness, and we are not going to rent 
our homes in apartment houses which are smoky and dirty, and which are ad- 
joining those which are. 


That is one way of getting at the problem, is it not, from the standpoint of 
the consumer ? 


Mr. LANGENBERG: I would like to state that I was connected with the Smoke 
Abatement League of the City of St. Louis for about three years. We raised 
$250,000 to educate the public. We instituted some research work and then 
tested four types of warm air furnaces, and two types of boilers. We did find 
a way by which we could eliminate between 70 and'75 per cent of the smoke 
and that was by proper firing. The response we met from the public was grati- 
fying and a great deal has been done. It does, however, require an aroused 
public opinion to carry such a campaign to a successful conclusion. Even strong 
legislation is required. 

They are doing it in Chicago in their politics. But the thing is here. I am 
glad the women have taken hold of that problem. If that action is taken that 
you have stated, “that we will refuse to buy a house or live in a house that has 
a piece of apparatus that smokes,” we will whip this thing quickly, and if the 
women of this country are interested and will do this, I know this organization 
will cooperate. We are delighted to do so, knowing the inefficiency of most 
of these plants is caused by incorrect combustion, and unless we get correct 
combustion we do not get 100 per cent out of our plants. Our living depends 
upon the good will of the public. 


Mr. Eaton: There are among the leaders of the oil burner industry many 
different burners that do not operate the way those nondescript curbstone 
burners perform. There is not a single burner sold in Chicago today, at least 
by members of the Chicago Association, in which there is any necessity for any 
owner to go near that burner and do any cleaning to eliminate smoke. 


Answering Mr. Hart’s remarks in regard to big homes, there is one company 
at least in Chicago that has about four thousand burners in use there, of which 
a fair percentage are in houses of more than fifteen rooms. They have faced 
the same problem, in a measure, that you speak of, but not to the extent that 
you mention. However, we have run into that arbitrary attitude of some steam- 
fitters, so different from the attitude of the warm air man, the attitude of the 
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latter being “Let’s cooperate” ; the attitude of a few steamfitters being “We will 
not guarantee our system if you put an oil burner in.” All we want the heat- 
ing contractor to do is to say “If you will deliver 180 F at the boiler, or 2 Ib, 
or sO many ounces of vapor, we have the radiation there to adequately heat 
every room.” The oil burner dealer will guarantee to produce those conditions 
in the boiler. 

If you have a hot water job and you cannot get uniformity of temperature 
your radiation is not properly proportioned. Then you can choke the radiators 
in certain rooms to get that uniformity. If it is a vapor system you can throttle 
the flow of steam into those particular radiators where, you get too much heat. 
Where the steamfitter has correctly determined the heat losses and has figured 
the radiation on a proportional basis these troubles will not materialize. Indeed, 
you will find that taking the heating season as a whole, the automatic oil burner 
will maintain far evener temperatures than coal could ever hope to accomplish. 

TuHorNToN Lewis: Our Society is very sympathetic toward making clean 
cities, not only from the standpoint of combustion, but from many other stand- 
points that tend to make dirty cities. You will find here a very hearty and 
sympathetic response. 

Mr. McIlvaine: In regard to the efficiencies at the various rates of com- 
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Fic. 1. Om Burner INSTALLATION, TYPICAL OVERALL 
EFFICIENCY CURVES FOR WARM Arr oR Hot WATER AND 
STEAM or Vapor HEATING SYSTEMS 


bustion, at the close of my paper, I said something about the proper application 
of the various types of burners to the existing types of boilers and furnaces. 
Mr. Linn’s remarks are on this subject, which is one that would take such a 
lengthy time for preparation that I did not include it in this paper. It would 
require a paper three times as long as this one to cover the discussion of those 
efficiencies. 

With a steam or vapor job, the efficiency will be zero when burning oil below 
a certain rate because you get no steam up into the system. On the other hand, 
with the warm air or hot water job, the efficiency approaches 100 per cent as 
you decrease the amount of heat delivered to the system, because, theoretically, 
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if you could cool down the gases to the initial temperature you would get all the 
heat out of them. 

If you force an infinitely large amount of heat through the boiler, you ap- 
proach an efficiency of zero so that, some place your efficiency would be, we 
will say, 70 per cent, probably at around one-third full load, depending upon the 
size of the boiler passages. If they are small, you get a turbulence at a lower 
rate of combustion. If they are large, the critical point is moved farther on. 
With the hot water and steam systems you would get curves something like 
those shown on Fig. 1. This critical point depends upon the cross section of the 
boiler flues, and their length. 

Mr. Hart: I am not speaking of the efficiency of the heating apparatus, 
only of the oil burner. 

Mr. McItvaine: I thought you meant over-all efficiency. You mean com- 
bustion efficiency. The intermittent type of burner is usually designed to give 
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its maximum combustion efficiency at the rated load. There are different sizes 
of burners for different sizes of boilers. 

The continuous or high-low burner is bound to have a lower combustion effi- 
ciency at the lower rate of combustion because in order to maintain a bright 
clean flame, you have to increase the proportion of air supplied for the com- 
bustion. A typical oil burner efficiency curve is shown on Fig. 2. 

Mr. Hart: I asked at what rate of output you got the highest combustion 
efficiency over the range. You have a range of combustion of, say, from 20 
per cent to 100 per cent in pounds of oil; at what rate of that percentage would 
you get the highest efficiency, and what would the range be? 

Mr. MclItvarne: That is a hard question to answer. The efficiency varies 
so much with different types of apparatus. I would be glad to show you some 
figures if I had time. 

I think the result of all the discussion is that we hope next year we shall have 
the opportunity of presenting another paper that will take up some of the points 
brought up, and I will report them to the American Oil Burner Association. 
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HEATING WITH STEAM BELOW 
ATMOSPHERIC PRESSURE 


By C. A. Tutnn,? Cuicaco, IL. 
MEMBER 


heat wasted in miid weather because buildings are overheated. The cause 

of this waste in steam heated systems is that most all of them are operated 
on and limited in their operation to pressures above atmospheric, even in mild 
weather. Steam pressures ranging from a few ounces to 2 or 3 lb afford but a 
small operating range of steam temperatures to meet changes in weather con- 
ditions. That is steam at relatively constant pressure is usually supplied to 
the radiators regardless of what the outside weather may be. The heat output 
of the radiators will, therefore, be entirely too high in mild weather, when only 
a fraction of the radiation installed would actually be required to balance the 
heat loss of the building and maintain the desired temperature. The building 
temperature will increase above that desired, resulting in excessive heat loss 
from the building structure. This is generally termed overheating and repre- 
sents a direct waste of fuel. 

In designing a heating system sufficient radiation must be provided to heat the 
building to a specified temperature during extreme weather. The base tem- 
perature for designing the radiation is selected accordingly, usually with an 
assumed operating pressure of 1 to 5 lb. This results in more radiation being 
installed than is needed for moderate weather and an excessive amount for mild 
weather. Consequently, with steam circulating on pressures at atmospheric or 
above, overheating occurs during both mild and moderate weather, if steps are 
not taken to control the loss. Government weather reports show that extreme 
weather prevails during about 5 per cent of the average heating season in Chi- 
cago, when the system must be operated at full rating. This leaves about 95 
per cent of the heating season when the heat output of the system must be 
reduced if uniform room temperature is to be maintained. 


Daily weather reports show that the temperature rises and falls quite rapidly 
over the greater portion of the country. Temperature changes of 40 F per day 
occur each winter in the Chicago area, while daily changes of 20 F are but 
slightly higher than normal. To this variation in heat demand must be added 
~~ § Chief Engineer of C. A. Dunham Co. 


Presented at the Annual Meeting of the American Society or HeatinG AND VENTILATING 
Enoineers, Chicago, January, 1929. 


"Tie heating profession has long realized that there is a large amount of 
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the cooling effect of wind, if a true picture of the great fluctuations in heating 
requirements is wanted. 

The graph, Fig. 1, shows the official maximum and minimum temperatures at 
Chicago for each day of the heating season of 1926-27. It clearly shows the tem- 
perature fluctuations for that season and also the extreme limits of temperature 
recorded in the previous 54 years. During that year, there was a total of 131 
hours when the temperature was plus 10 deg or lower, with but 35 hours of this 
at zero or below. The heating season was but 0.4 deg warmer than the average 
since the year 1900. 

This statement of the great variation in weather conditions from day to day is 
simply to point out that progress toward comfort and economy in heating should 
be made by making the heating system very fiexible in heat output. The ideal in 
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heating is to have a heat output of the system just equal to the heat loss from the 
building if uniform room temperature is to be maintained and heat waste through 
overheating, with the accompanying excessive open window loss is to pre- 
vented. 

The available economies in heating fall roughly in two broad classes. The 
first economies are in heat generation which concern the boiler and the efficiency 
of combustion. That portion is not included in the scope of this paper. The 
second and by all means the largest field of possible saving is in heat utilization 
to which this discussion is confined. 

Heating with steam at pressures below atmosphere is a simple way of obtain- 
ing flexibility in heat output while maintaining uniform room temperature, this 
steam being circulated in the piping system under a positive differential suffi- 
cient to cause flow through the radiation. By operating the heating system at 
pressures from atmospheric to as low as 2 or 3 lb absolute, the temperature of 
the steam circulated in the radiation may be varied from 212 F to about 130 F. 
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This will give a very large variation in the heat emission of each radiator. By 
varying the heat output of the system in this manner, it is quite easy to maintain 
uniform room temperatures. 


The several parts of a system using steam at pressures less than atmosphere 
are very similar to the well-known vacuum return line heating system of which 
this is a further development. Fig. 2, disclosing a typical layout of a manually 
controlled system having a steam soufce with special reducing valves to supply 
steam at the desired temperature in the radiation, a properly designed system 
of steam piping, a regulating plate in the inlet of each radiator, a thermostatic 
trap on the outlet of each radiator, a system of return piping, a vacuum pump 
capable of producing a high vacuum, and an automatic electric switch. The 
switch is controlled by the pressure difference existing between the supply side 
and return piping. 


Steam is supplied at the same vacuum (absolute pressure) at which it is to be 
used in the heating system by controlling the rate of heat generation at the 
boiler ; this is the usual practice in smaller installations. On larger installations 
and on central station installations steam is furnished at a higher pressure than 
is required by the system and is reduced by means of pressure reducing valves 
to the desired vacuum or absolute pressure. These valves may either be manually 
or thermostatically controlled, one may be of sufficient capacity to care for mild 
weather operation and the other of sufficient capacity to care for cold weather, 
so that either or both may be used as heat requirements demand. 


The piping is assembled so as to remain tight over a long period of years, just 
the same as is required for any other good job. The same quality of workman- 
ship which is used to assemble the hot water supply piping is easily sufficient for 
all demands of a good heating system if proper provision is made for the slightly 
greater expansion. 


As said previously, steam is used at pressures below atmosphere and its ac- 
companying temperatures to give flexibility to the heat emission of the radiator. 
This pressure is varied at different times of the day and at different seasons of 
the year to maintain the room temperatures at the desired point. 


Heating systems are seldom operated for 24 hours per day except in very severe 
weather, so the building is usually below the required temperature when the 
heating plant is started up each morning. The building may be brought up to 
temperature slowly or rapidly, as desired, by circulating steam at say a 10-in. 
vacuum or even on pressures above atmosphere just as the plant engineer may 
choose. When the building is up to the desired temperature the engineer can set 
the pressure reducing valve for the vacuum required to maintain the room tem- 
perature. The amount of steam to be supplied under this vacuum will, naturally, 
depend on the rate of heat loss from the building at the time. 

By careful design and installation of a piping system, it is possible to get a 
distribution of steam at pressures which are fairly uniform throughout the piping. 
The use of a regulating plate with opening of proper size at each radiator ‘inlet 
to assist in steam distribution at all three periods in the heating cycle will be 
observed. First, during the heating-up period, each unit should receive its por- 
tion of steam and no more; that is, a 25 sq ft radiator should heat at substantially 
the same rate as a 100 sq ft radiator. The regulating plates interpose a small 
resistance to the flow of steam and create a reservoir condition within the supply 
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piping, thus equalizing the pressure conditions at the entrance of each and every 
radiator. 

During the heating-up period and while the radiators are filling with steam, 
the radiator traps are open to the return pipe and they remain open until steam 
reaches the trap when they close. 





Float and thermo- 
static trap 


Vacuum pump 


Fic. 2. Typicat Layout or A MANUALLY CONTROLLED SYSTEM FOR 
HEATING WITH STEAM BELOW ATMOSPHERIC PRESSURE 


When the radiators are completely filled with steam and under normal opera- 
tion, the regulating plates are intended to produce a semi-reservoir condition in 
the steam mains as compared with the condition when filling, by supplying an 
area for the flow of steam that is in proper relation to each size of radiator; if 
through some abnormal condition, the condensing rate of some radiator would be 
increased, the regulating plate will tend to prevent such a radiator from condens- 
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ing an excessive amount of steam, notwithstanding the demand for it. This 
is of value in reducing heat loss through excess window ventilation. 
Radiators of a heating system completely filled with steam under varying 
degrees of vacuum meet the average heat loss required during a season, but 
early autumn and late spring days with very much higher outside temperatures, 


Inlet valve with 
regulating plate 


valve = chambers 





Fic. 3. Typicat Layout oF AN AUTOMATICALLY CONTROLLED 
System For HEATING WITH STEAM BELOW ATMOSPHERIC 
PRESSURE 


require such a small heat output that even with a high vacuum, a radiator full of 
steam at a temperature corresponding to that pressure (vacuum) might under 
such conditions, overheat the building if the system was not capable of further 
heat reduction. . If the amount of steam supplied to the system during such 
periods is sufficiently reduced and at the same time under a high vacuum, the 
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regulating plate will control the admission of steam to each radiator so that 
each remains partly filled, causing a further reduction in the heat output. 

Next, it should be noted that a thermostatic radiator trap on the outlet of each 
radiator is of importance, for by its use a positive differential can be maintained 
between the pressure (vacuum) in the radiator and the pressure (vacuum) in 
the return pipe, thus securing satisfactory heating with a minimum amount of 
radiation. Steam circulation is maintained by the use of a jet exhauster type 
vacuum pump capable of producing a high vacuum. The pump motor is con- 
trolled by an automatic electric switch, which is actuated by the pressure differ- 
ence in the supply and return piping. The function of this controller is to auto- 
matically start or stop the pump so that a small but substantially constant pres- 
sure difference is maintained. This differential will furnish a head sufficient to 
cause steam flow toward the returns. 

The proper provision for the maintenance of this pressure difference is a most 
important factor in securing consistency and economy of heating; this point was 
brought out by C. A. Dunham in his paper given before this Society at the An- 
nual Meeting in St. Louis in January, 1927. With properly designed piping, a 
differential of not exceeding 2 in. of mercury will keep the radiation drained of 
condensate on steam pressures below atmosphere and maintain steam circulation. 

Even though it might be necessary to make changes in the radiation installed 
in a particular room to meet the desires of a permanent tenant who wishes room 
temperatures slightly above or below normal or because of partition changes on 
some floors, such changes will not bring the system out of balance by causing 
improper steam distribution elsewhere, because the steam mains and risers are 
used somewhat as a common reservoir from which the steam supply to each 
radiator is proportioned by means of a regulating plate at the inlet of each radi- 
ator. The use of properly sized plates alone will give a slight increase or de- 
crease in the effective heating of any unit within certain limits. 

Automatic control of the steam is frequently desirable in place of manual con- 
trol which has just been described. Fig. 3 illustrates a typical layout of a heat- 
ing system which gives automatic control of the steam supply. 

Thermostats located in key rooms are used to control the operation of the 
larger of the two supply valves previously referred to. This valve, located di- 
rectly in the steam main may be a motor operated valve. Its function is to admit 
additional steam to the heating system when the room thermostat calls for heat 
and to stop this flow when it is no longer required. The room thermostats are 
electrically connected to the motor of this valve through a control panel, arranged 
so that the steam in the system may be either automatically controlled or manu- 
ally controlled when special conditions may demand it. 

In buildings where varying wind conditions cause different demands for heat 
on the windward side, the use of several thermostats located on different sides 
of the building in separate key rooms has been the practice. The heating sys- 
tem may be under the control of any one of these thermostats if desired. 

As buildings become larger or as the use of their several parts are more varied, 
it has been found that more economical means of satisfactory heating will be ob- 
tained by using a multiple system called zoning. 

There are three main reasons why a large building should be divided into 
separate unit systems or zones. The first reason is to permit a higher steam and 
radiator temperature to be carried on those sides of a building which are tem- 




















218 Transactions AMERICAN Society or HEATING AND VENTILATING ENGINEERS 


porarily exposed to the then prevailing wind. By this means each zone can be 
maintained at a uniform temperature where otherwise it would be necessary to 
overheat, say the south or sun-warmed side. 

The second reason is according to occupancy or the hours of use. Take the 
case of a building with stores or shops on the first and second floors, which 
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Fic. 4. PRESSURE AND TEMPERATURE RECORDER CHART FROM DUNHAM BUILDING, 
Nov. 21, 1928 


A. Outside Temperature. B. Inside Temperature. C. Steam Main Pressure (Vacuum). 
Heating load, 7704 sq ft direct radiation and hot water for wash rooms 


Official temperatures (max 44 deg, min 32 deg).........seeeeeeenes Mean 38 F 

Official prevailing wind S. W., average velocity............es+e00- 15.0 mph 

Official maximum wind N. W., maximum velocity.............0+++ 27.0 mph 

Oil burner operation (5:30 A.M. to 5:30 P.M.)...cceeeccccecceccecee 12 Hours 

Fuel oil fired (18-20 deg Baumé)..............054+ -_ sae % * Gal. 
F a 


Gal oil per 1000 sq ft radiation per deg day 
Flue gas temperature, average............eeeeeeees 
Carbon dioxide in flue gas, average........+.++e++e++ 





Pump operation (4:20 A.M. to 6:30 P.M.)...cceccecccccecccccvevees 14.16 Hours 

Power consumed by pump, 17 kwh OF...........sceeeeeeeeeceeeees 1.2. kwh per Hour 
Condensation meter reading for 24 hours (6 P.M. to 6 P.M.).......... 11,500 Ib 

Pounds of steam per 1000 sq ft of radiation per deg day.......... 55.29 Ib 


require heat for one period—say 7:30 a.m. to 7 P.M. with offices on the third to 
tenth floors which require heat for another period—say from 8 A.M. to 9 P.M. 
and with lodge or club rooms on the three upper floors requiring heat from noon 
to midnight. Here it is recommended that the heating system be divided into 
at least three zones, and if a much larger office portion were included, we would 
consider zoning that for wind and sun effects. 

A third reason for zoning is to meet the different temperatures required. An 
excellent example is the common case of a factory building which has a shop sec- 
tion heated to 60 F, an office heated to 70 F, and a garage or warehouse heated 
to 50 F. Owing to the great and variable differences in ventilation requirements 
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of the three portions, especially with garages, it is difficult to secure uniform 
heating, simply by installing the proper amount of radiation. The use of one 
steam temperature for all zones at the same time is in this case incorrect because 
of the varying heating demand loads. 

To secure satisfactory heating it is best practice, when conditions permit, to 
design the system by zones so different pressures and steam temperatures may 
be carried in each. 

With such an installation the operating engineer should have instantaneous in- 
formation before him so that he can know whether the temperature of each zone 
is at or below the desired amount at any time, and, from his central location, con- 
trol the temperature of the steam which is circulated in each zone. This arrange- 
ment gives that properly controlled flexibility which is so essential to satisfactory 
heating with economy in steam consumption. 

To present a true picture of the heat waste which is now taking place in sys- 
tems where heat is not used in the most economical manner, permit us to quote 
from the Proceedings of the National District Heating Association for 1927, 
giving operating statistics for 1926 of the central heating companies reporting. 
Twenty-seven companies supplying steam to a total equivalent load of 30,641,000 
sq ft direct radiation, reported an average steam consumption of 555 lb per sq ft 
per season. The seasonal temperature cannot be accurately determined from this 
record because three of these companies did not report on temperatures, however, 
the average of all the companies that reported temperature is 41.1 F. This is 
about 2 deg above the 54 year average at Chicago. In the year 1925 they re- 
ported an average steam consumption of 500 Ib and in 1924, 537 lb per sq ft per 
season. 

Nelson Thompson, chief mechanical and electrical engineer for the U. S. 
Treasury Department has presented to this Society in the July, 1928, issue of 
the JourNAL, his method of estimating steam consumption for Federal Buildings 
located north of Richmond, Va. He “multiplies the square feet of direct steam 
heating surface by 500 to ascertain the number of pounds of steam condensed per 
annum in the system.” 

In Chicago the estimated figure of 500 to 600 lb of steam per square foot of 
direct radiation per season is a commonly accepted standard. 


These figures on steam consumption, it is believed, are reliable averages. On 
this basis and from test experience, it is estimated that 450 lb per year represents 
good performance of a vacuum return line steam heating system in a Chicago 
office building and about 650 or even 700 lb per sq ft of radiation per year 
to be the performance of the more inefficient systems. No fixed figure can be 
set for the steam consumption of a system because of variation in building con- 
struction, heating system design and installation, hours of occupancy, nature of 
use, varying weather, etc. Therefore reliable comparisons can be made only by 
comparative test performed on the same building. 

By use of steam at varying pressures below atmosphere, the Dunham Build- 
ing in Chicago having 7704 sq ft of direct radiation was satisfactorily heated to 
an average temperature of 70.8 F during the past heating season (October 1, 
1927 to May 31, 1928) with a steam consumption by meter of 298.8 Ib of steam 
per square foot of radiation for the eight months. The average vacuum carried 
in the radiation was 16.9 in. which gives a corresponding steam temperature of 
172.7 F. A base temperature of zero was used in calculating the radiation, so 
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the radiation installed is not in excess of actual needs. The building was fully 
occupied during the heating season and the tenants were permitted to make such 
use of window ventilation and control of radiator inlet valves as they desired. 
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Fic. 5. PRESSURE AND TEMPERATURE RECORDER CHART FROM 
THE BARLUM Tower, Mar. 16, 1928 


A. Outside Temperature. B. Inside Temperature. C. Steam Main Pressure (Vacuum). 
BarLuM Tower Data 


Heating season, Sept. 12, 1927 to yg 5, 1928, inclusive 








Average temperature, October to May, inclusive 39.9 deg 
Total heating hours (for this building)......... nade ‘ me 3258 hours 
Total direct cast iron radiation installed.............. 48,000 sq ft 
ER - O s o  k cen s vec nsed a vase aaeedeces 40,800 sq ft 
ee CN cc cwbdbeddesepe sesebdeseserind 11,916,900 Ib 
ee ee EE OE Se BOE BOD Boo ooo cicccicesecddcccccccecccee $11,916.90 
ee ee Oe. Oe Ae CN ON MOIS ck as cease kscnsande cavdvevewens 0.292 
ee ee ee er I PS BOR vc cc.yseccecsctpveuiiesced se een 0 0396 
ee ee ee ee Or QC ivcccesaséetanesedediensenese 2.684 
Ne cat hekee sdeenenentheesoneged 3.657 
Cost per sq ft of radiation in use per heating hour................+. 0.00008965 
Steam consumption for the heating period per 

ee I SY OO a os cas capiciin do meade es ebiess eednesur'e 292.08 Ib 

Sq ft of rentable floor area 39.62 Ib 

1000 cu ft of total cubage 684 Ib 
Average steam consumption per heating hour total...............00005 3657.72 Ib 
Average steam consumption per sq ft of radiation in use per heating hour 0.08965 Ib 


The summary (Table 1) of the operating data by months gives the pertinent 
facts concerning this plant for the past heating season. 

Table 2 gives a summary of the unit costs for this building computed in the 
several ways indicated. The total cubage and rentable floor area were computed 
in accordance with the code of the National Association of Building Owners and 
Managers. This cubage is the gross volume of the building measured as if the 
whole were a solid submerged in water. . 
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Fig. 4 shows a pressure and temperature chart from a three pen recorder lo- 
cated in the boiler room. The thermometer elements of this recorder are of the 
distance type, the room temperature being that of the seventh floor which is used 
as a key room to indicate the building temperature. The outside thermometer 
bulb is located in a shelter on the north wall. This chart shows the cycle of 
heating for one day from 5:30 p.m. November 20 to 5:45 p.m. November 21, 1 28. 
The room temperature was maintained very uniform throughout the day on 
steam pressure of approximately 20 in. vacuum. 


This heating system was operated as a vacuum return line system for one week 
in March, 1928, during which the outside temperature averaged 37.2 F, this was 
3 below the season’s average. The average consumption ‘of steam for the year 
when operating with steam below atmosphere was over 33 per cent less than with 
a vacuum return line steam system during this test period. These steam rates 
were computed on the degree-day basis to correct for temperature differences. 


Heating the Barlum Tower, a 40 story office building in Detroit, Mich., is an 
example of the use of steam below atmospheric pressures. This building was 
completed in September, 1927. Eighty-five per cent of the total 48,000 sq ft of 
direct radiation was turned on during the past season, giving 40,800 sq ft in use. 
Table with Fig. 5 gives a summary of the cost of heating this building. Steam 
was purchased from a central station heating company. The pressure and tem- 
perature chart from a recording instrument located on the 15th floor is shown in 
Fig. 5 to illustrate the pressure carried and temperature maintained with the 
outside temperature as indicated on the chart. This chart is self explanatory. 

An industrial plant in Providence, R. I., having 6022 sq ft of equivalent radia- 
tion made a fuel saving of 33 1/3 per cent when a comparative test was made 
during two successive weeks when operating the plant with steam below at- 
mosphere as compared with vacuum return line steam system operation. 


A high school in Colorado made a saving of 38.8 per cent in tons of lignite 
coal required to heat the building with steam below atmospheric pressure during 
the past heating season as compared with a vacuum return line steam system in 
use the previous season. This school has a total of 4967 sq ft of direct radiation. 
In this and the previous cases, proper comparison has been made by reducing the 
data to fuel or steam used per degree-day. 

A hotel in Tacoma, Washington, having 11,000 sq ft of direct radiation made 
a saving of $1428.00 in cost of central station steam used for heating during the 
first six months of 1928 by using steam at varying pressures below atmosphere 
as compared with the same period during 1927 when they used a vacuum return 
line steam system. The temperature being 0.9 deg higher during this period in 
1928 than in 1927. 

These figures reveal a few cases where savings have been made and the large 
buildings provide the same opportunity for savings as do the smaller buildings. 


DISCUSSION 


J. A. DonNeLLY (WritTEN): This paper, as well as many others that have 
been presented before the Society, serves to illustrate the necessity of some 
authorized standard of comparison for checking the results produced or claimed. 

The fundamental information necessary for a rational start on the problem has 








222 ‘TRANSACTIONS AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


to do with the actual heat loss of a building under some standard condiiion. 
This might be taken as the ascertained heat loss for zero weather, no sunshine 
and a 15-mile wind velocity. The equation for the steam required per heating 
degree would then be: 

1,000,000 nda . 

1000 x70 = 14.3 lb steam per hour per million Btu ascertained heat loss. 


This figure, if correctly ascertained, would serve as a standard for 100 per 
cent efficiency. ; 

For other than this standard condition, we should, no doubt, need a great 
deal of research work on pro-rated heat losses, varying sunshine and wind 
velocity. In the case of buildings not continuously heated, allowance would 
have to be made for the intermittent heating-up of the building. 

Joun F. Hare: I remember in the early part of this century a building in 
this city heated by a vacuum system which was operated at about 12 in. of 
vacuum on the supply and about 15 in. of vacuum on the return, so what is 
before us today is not new except that it was not developed for practical use 
until many years later. 

Again I recall in about 1904 a man by the name of Eugene F. Osborne 
developed two systems known as the simplex and the duplex systems, in which 
a vacuum was carried on the supply, and a greater vacuum on the return, mak- 
ing it possible for this refinement which is spoken of in the paper by Mr. Thinn. 

I just wanted to call attention to this to show that in the days when Mr. 
Osborne was putting his system before the people, he was claimed to be 25 years 
ahead of his time, and if you will figure it up you, will note that was in 1904, 
and today is 1929, so he was just 25 years ahead of his time. 

R. V. Frost: There are one or two items in the paper that strike me as some- 
what exaggerated. One is the statement of a saving of 33 1/3 per cent made 
during two successive weeks when operating the plant with steam below at- 
mosphere, as compared with vacuum return steam heating operation in a high 
school and another where there was a saving of 38.8 per cent in fuel. 

I would like to know if the tests were really on a comparable basis. We so 
often hear of these very high percentages of saving, that you question at once 
just under what conditions the tests were made. 

It seems to be a common expression, that you can save 50 per cent of your 
fuel by simply a slight change. This seems to be a stock expression of differ- 
ent manufacturers. If we can make such a saving, between two different sys- 
tems, then the old system must have been extremely inefficient, or else, perhaps, 
we can by multiplying the effect, heat our plants for nothing. 

I would like to ask the speaker if he could explain to us a little more in detail 
just how these tests were operated, and if he is positively sure there was a 
33 1/3 per cent saving in fuel. 

We had an example in newspaper advertising, just a few weeks ago, in which 
it was claimed by a boiler manufacturer they had made on tests a saving of 
approximately 40 per cent in fuel. It was found afterwards that the tests had 
been improperly conducted, so there was not really the saving of 40 per cent in 
fuel. It would be almost impossible at any rate to choose two boilers at the present 
time in which one could be honestly said to be 40 per cent better than another. 
So in this case in comparing a system at pressure below atmosphere, with 
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a vacuum return line system, can there really be 38.8 per cent saving in fuel? 

C. A. Tu1nn: The tests were in charge of an engineer, readings were taken 
every hour, and recording instruments were used at various points. The system 
when operating as a vacuum return line system was operated as is customary 
with such systems, keeping the pressure on the system near to atmosphere, prob- 
ably a few ounces to a couple of pounds. 

The control of the heat in the building was left to the occupants of the build- 
ing, as is customary. Take this building here as an example, I would think 
that the engineer intends to keep enough steam at the radiator valves, leaving it 
to each occupant in his room to turn the valve on and off as he cares to. 


However, that is just where the point is. The occupants are not interested 
in the operating cost of a building. Consequently, they fail to turn off their 
valves when the temperature reaches 70 F. The result is that the room tempera- 
ture becomes 80 to 85 F before it is noticed, and the window is thrown open. 
So, although the room might show a reasonable temperature, the heat output of 
the radiation is increasing on account of the window waste. So that accounts 
for, in a great measure, why savings are possible when using steam below 
atmospheric, because with such a system the control of all the radiator valves in 
a building is taken out of the hands of every Tom, Dick and Harry in the build- 
ing, and put into the hands of one man in the boiler room to give them just 
exactly the heat that they ought to have to maintain their rooms at 70 F. 

The system, of course, is balanced up fairly well by means of the regulating 
plates, so that by reducing the temperature of the steam, the radiators will also 
reduce their heat output substantially on an even basis. 

Go into buildings heated with sub-atmospheric steam and you will see very 
few windows open, probably 2 in. at the bottom to give a little ventilation. Go 
into buildings that are heated on pressure above atmosphere, leaving it to the 
occupants to turn the radiator valves, and you will find that perhaps 50 to 60 
per cent of the windows are open at least one-third from the bottom. That 
condition represents a tremendous waste of heat. 


The percentage of fuel saving was obtained by reducing all data to the degree- 
day method, which is, so far as I know, the only one which can be used in con- 
nection with these comparisons. I have not been able to run across anything 
that applies itself so readily. 


Pror. F. E. GiesecxE: In our institution, the Texas Agricultural and Mechan- 
ical College, there are two dormitories, each having 108 rooms in which we are 
conducting almost exactly the same investigations which Mr. Thinn has been 
conducting, with this difference: Mr. Thinn has studied the relative costs of 
operation of the ordinary steam heating system and of a special steam heating 
system in which a very high vacuum is maintained. We are studying the relative 
costs of operation of an ordinary gravity return steam system, and a hot water 
heating system. In our case, we feel that the cost of operating the circulating 
pump should be charged against the hot water system before the comparison 
with the steam system is made. 

In Mr. Thinn’s comparison, it may be necessary to find the cost of maintain- 
ing the high vacuum in the special heating system. I would like to know if this 
was done, and, if so, what the cost was in comparison with the cost of the heat 
supplied by the system. 










) 
/ 
/ 
| 













224 Transactions AMERICAN Society or HEATING AND VENTILATING ENGINEERS 


Mr. Turnwn: I could not answer the question directly because I do not have 
the figures, but the buildings that we have made comparison on were equipped 
with pumps. In other words, if we had the vacuum return line system, we 
would have a vacuum pump in the first place, and this pump would be operat- 
ing from its regulator, that is, the regulator would be set at, say, 7 or 8 in. max- 
imum, and 3 in. minimum. That gives the operating range. The pump would 
be running fairly well, as you probably know from your observations on vacuum 
return line systems. 

When using sub-atmospheric pressure, the equipment which controls the 
pump is constructed in such a way that the pump will maintain, for instance, 2 
in. of vacuum in excess of what would be on the steam line. For instance, if 
there was 20 in. of vacuum on the steam system, there should be 22 in. of vacuum 
on the return system to obtain circulation and get the steam into the radiators. 

Under those circumstances, the pump would cut out as soon as 2 in. in excess 
of what you carried on your steam piping was reached and the pump will cut in 
and out in the same manner as with the vacuum return line system. It may run a 
little longer on the high degrees of vacuum than on low degrees. The system 
is not always working on 24 in. of vacuum. The average vacuum for the Dun- 
ham Building was about 16 in. of vacuum for the heating system. Today, for 
instance, as I left the office, there was 18 in. of vacuum on the system and the 
building was at about 72 F. 


S. R. Lewis: Was the boiler running under pressure or under vacuum? 
Mr. TuINnN: The boiler is under pressure and under vacuum. 


Now, then, you realize that when a thermostat calls for heat, the reducing 
valve is going to open. That will, of course, take the pressure away from the 
boiler. However, the burner will begin to build up a supply because as soon as 
pressure is taken away from the boiler, the boiler control will open the oil burner 
to full capacity and it will take probably 5 or 10 min before the pressure 
is again built up on the boiler; then the regulator of the oil burner will reduce 
the oil flame. So we may say that it may be on pressure; it may also be on 
vacuum several times during the day, and the pressure is changed, of course, 
according to the way your heat is supplied into the system. 


E. K. Campsetv: Is your oil burner controlled only by pressure of boiler? 


Mr. TuHInn: Yes, in this case it is; it is an industrial type burner. I know 
systems operating with this type of steam, where the burner is entirely automatic. 


A. J. Nespitr: Have you ever had the opportunity of comparing the cost of 
a straight vacuum system equipped with pneumatic temperature regulation with 
the operating cost of the system advocated here? 

Mr. TuH1Nnn: I never had an opportunity to do that. 

Guy S. Faser: Having in mind the advantage of sub-atmospheric heating 
and listening to the speaker’s paper, I want to ask him if the savings shown or 
the savings claimed for the system are not due primarily to temperature control 
or partly so. Perhaps part of the saving is due to sub-atmospheric condition, 
and part to temperature control or all to temperature control. 

The paper cites a key room, or perhaps a zone part of the system. I have in 
mind a floor in a hotel of this type, in which you would perhaps pick out one 
room for key or zone room, and in that room you would locate a thermostat, 
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and that thermostat acting for the floor or wing of the building, whichever it 
might control, would be the key room. 

Now, suppose that the occupants of that key room, not knowing that the room 
was a key room, or that a thermostat was located in it, should open their win- 
dows and necessarily create a greater heat demand. Would that necessarily 
overheat all the rest of the rooms where you depend entirely upon a key room 
to control a floor or a zone? 

Mr. TuHINN: In these buildings listed here, some are controlled manually and 
the results observed by means of a thermometer in the building while others are 
controlled from a thermostat, the thermostat controlling the reducing valve in 
the heating main. Of course, it all comes out in Btu. When you sit down 
and figure it out, it is heat output. Whether a man does it by using manual 
control or whether he does it by having an automatic equipment, is a matter of 
selection. You get better heating results by using thermostatic equipment. 

You could probably shut off the steam in a building, say, eight or ten times 
a day, completely from a thermostat, and then turn it on again as soon as the 
temperature is below a given point. But interrupted heating is not really satisfac- 
tory heating, in my estimation. What we ought to strive for, is to give the tenants 
of a building continuous heat, by furnishing them the necessary number of 
Btu, to keep their rooms at the given temperature and do that all day long. 

Now, all of us are acquainted with the steam table. The only trouble is that 
we have not looked at it long enough to find out that as soon as we begin to 
use steam below atmosphere, the steam temperature falls very rapidly. At the 
same time, the steam expands very rapidly in volume. This steam therefore 
lends itself ideally for furnishing the tenants the Btu that they ought to have, 
and at the same time, by this ability to expand into a great volume, fill every 
nook and corner of the system with steam. 

Now, the trouble with this man, who was living 25 years ahead of his age, was 
that he could not take charge of this steam and control it, because equipment 
that would do this was not available. He did not have good traps and valves 
and regulating plates and pumps that go into a modern system of this kind. 


The man who was 25 years ahead of his time had the right idea; why shouldn’t 
he? The steam table has been before us for many, many years, but it had not 
been put to work using the lower temperatures, although there was a tremendous 
amount of overheating in the buildings. We are all trying to find ways of cut- 
ting down overheating. 

F. Paut ANnperson: I think we are under obligation to Mr. Thinn for this 
paper. It brings us some very interesting facts. 

As a matter of fact, it requires very little more heat to make steam at 10 lb 
pressure than it does at atmospheric pressure so that it really requires very 
little more coal to make steam at the higher than at the lower pressure. Of 
course, we all know that the real amount of heat is in the latent heat of vaporiza- 
tion, which is about 971 Btu out of a total heat of 1151 Btu for atmospheric 
pressure and about ‘54 Btu out of a total heat of about 1162 Btu for 10 Ib 
pressure. That radiation rates will be lower with low pressure steam than with 
high pressure is of course conceded. 

Now, we must bear in mind, I think, in studying this subject of heating some 
of the psychological elements that enter into the whole question. I would dis- 
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like to see the time come when we would be fed by tablets. We would probably 
get all the calories and all the elements of food through the prescriptions of the 
great physicians, but I am sure it would be at times very pleasant to smell a big 
beefsteak, and to do some reckless eating. We would get then as we do now 
some of the satisfactions of living. 


I think this paper is a worth while contribution from the standpoint of calling 
attention to the desirability of paying more attention to the balancing of our 
heating systems, and that radiation should be properly figured to secure balance. 
If radiation is not balanced, then diaphragms are prescribed. It seems to me 
there are certain types of buildings where we should not carry exact heating 
too far. Saving money all the time should not be the eternal objective of the 
engineer’s life. Extravagant heating is desirable sometimes. 


Now, we all like to get into a hotel room that is overheated sometimes, and 
recklessly keep up the windows. I would resent living in a place all the time 
where I would be bottled up and be afraid to let a little air in or I would be 
cold. For some kinds of heating, that might be entirely satisfactory. I think 
Mr. Nesbitt’s question is very pertinent. It seems to me a very important con- 
sideration, now as always, is proper thermostatic control. Thermostatic control 
should be the keystone of heating economies. 


This paper of Mr. Thinn’s has a great value in pointing us to methods of 
exact heating. In certain types of buildings like hotels and residences for purely 
silly reasons to give humanity some variety we can profitably indulge in the 
frivolity of having too much heat. I think there is nothing quite so fine for 
dreaming as the old-fashioned fireplaces; certainly that is not an economical 
device for heating, so I believe in hotels and residences, and certain other types 
of buildings of conviviality it is well, sometimes, to consider in our heating en- 
gineering the matter of comfort as expressed in variation and excess. 


Now, the advantage of the vacuum system just described, it seems to me, is 
not so much in the question of actually saving Btu as it is of getting a very 
complete circulation producing general heating service in a large building. 

The paper is very interesting in that it shows us a scientific approach and a 
method of balancing our heating systems, but I think it is a question largely of 
automatic temperature control that we would save 30 per cent. I have no doubt 
that Mr. Thinn‘s figures are correct because this Edgewater Beach Hotel could 
be probably so revamped that at least 30 per cent of the fuel could be saved, but 
would lovers and other guests on pleasure bent think the rooms as cozy? 

L. A. Harpinc: This has developed into a very interesting discussion, and 
I have only two questions to ask Mr. Thinn. Would you not have obtained 
identically the same saving with a forced hot-water circulating system under 
proper control, and if so, what advantage has a sub-atmospheric system, with 
the possible exception of first cost of installation? Is not a steam system which 
operates under less than atmospheric pressure an attempt to equalize the per- 
formance of a forced hot-water circulating system? 

Mr. Tu1nn: In regard to the question of advantage, I would say this: the 
advantage would be in the early and late part of the winter, the spring and the 
fall, when all we would want would be a little bit of heat. 

With the forced hot-water circulating system, you would have over-heating 
during warm weather periods and changes in weather. Water is more sluggish 
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in circulation than steam. By producing high vacuum on the system, you will 
obtain steam quickly from the boiler. For instance, on a certain day the water 
in the boiler may begin to boil at 150 to 160 F because of the vacuum produced 
over the water. Consequently, steam is furnished very quickly and just enough 
to give the small amount of heat needed for that day. 

W. B. Crawrorp: You are all heating experts and technical experts in one 
or more branches of the heating business but how many engineers have actually 
invented anything new in the heating art or have established a departure from 
standard practice? Nevertheless within the last two years there have been won- 
derful improvements made through the invention and application of various 
mechanical devices to the method of heating with sub-atmospheric steam. I am 
in absolute harmony with Mr. Thinn on the subject of sub-atmospheric heating. 

Our organization has demonstrated this theory in actual practice on repre- 
sentative buildings, but we solve the problem from the standpoint of automatic 
control somewhat differently, but the results in savings are practically the same. 
I have an installation in mind, a 26 story building located on the Chicago Beach 
property, exposed on all sides. This building has approximately 40,000 sq ft 
of direct radiation and a water heating load of 3,000 gal per hour. The coal 
consumption has averaged 2 tons per 24 hours during the mild weather preceding 
the last cold spell and it has never exceeded 4 tons per day of 24 hours in the 
coldest weather. Temperatures on the lake front range as low as 14 F below zero. 

We have been able to keep the domestic water at a temperature of 160 F with 
10 in. of vacuum on the boiler, the direct radiation is supplied with steam at 
sub-atmospheric pressure of 15 in. of vacuum. We rarely go below 15 in. of 
vacuum on our system on account of the principle of the radiator trap which we 
employ, which makes the radiator inefficient in proportion to the vacuum. 

At 15 in. of vacuum on the system the overall efficiency of the radiator will 
be approximately 70 per cent and the average temperature will be about 140 F. 
At atmospheric pressure the radiator efficiency will be about 99.3 per cent. 


In a sub-atmospheric system of heating some means must be employed to keep 
a differential pressure on the return side of the system. This is accomplished 
by a vacuum controlling governor. The governor automatically keeps the pump 
working at a differential of 2 in. to 4 in. and when the boiler is working at 
atmospheric pressure or above the pump is automatically set back to standard 
conditions. This system worked out very well on a seventeen flat building with 
100 per cent automatic control. The oil burner as well as the vacuum pump was 
automatic in operation. 

The building has 3150 sq ft of direct radiation and a 1000-gal water load and 
the fuel oil has not exceeded a cost of $2.00 per day of 24 hours, except during 
the recent cold weather, when the cost per day for fuel oil was $3.00. 

On the larger building mentioned first we estimate a saving of $8,000.00 this 
heating season against the estimated cost of heating this large building with an 
ordinary return line vacuum system. If the saving in fuel is an object and the 
comfort in the milder weather of the tenants is important, then the sub-atmos- 
pheric system of heating has ample justification for our consideration. 

S. R. Lewis: It seems to me it is about time for us to form an organization 
of those who will agree that they will never put in another single-pipe system of 
steam heating to heat any place where people have to live. 
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Dr. E. Vernon Hutt: I do not think that Mr. Thinn defends his paper with 
sufficient aggressiveness. My knowledge of heating is not as broad as most of 
you gentlemen; I have never, however, been able to find out where there was 
any economy, theoretical economy, I mean, whether they use steam at 10 Ib or 
vacuum or sub-vacuum. It seems to me that this is a new, and I think a very 
ingenious way of controlling the amount of steam to the various rooms, and I 
became interested in it at the Power Show in New York, and it struck me as 
something very worthwhile. I do not think that if you had a perfectly con- 
trolled system at a vacuum or at 10 lb, there would be any saving, but here is 
an ingenious and simple way of controlling the heat. 

I cannot let Dean Anderson’s remarks go unchallenged, however. He wants a 
superabundance of all things; but it seems to me that good engineering is 
marked from other things by its economy. If this method shows economy, that 
is the important thing, from an engineering standpoint. 

Mr. Hate: About 40 years ago there was a man in Philadelphia by the name 
of Napoleon W. Williames, who discovered that in trying to use exhaust steam 
for heating he was putting too much back pressure on his engine. He had the 
happy thought of connecting a vacuum pump to the end of the return so that 
it would remove as much of the atmospheric pressure as possible, and take 
off the back pressure on his engine. That was the origin of vacuum heating. 

J. R. McCott: Mr. Thinn has raised one point about which I would like 
to ask a question. He made the statement that it is hard to regulate with hot 
water. He also said 130 F was the minimum low temperature practical with 
steam. He could certainly get less than 130 F with hot water, and more evenly. 

H. R. Linn: When Mr. Thinn brought up the heating with hot water by 
forced circulation, it took me back 20 years when I was in that business. I 
think Mr. Thinn’s paper is a wonderful paper. Every now and then some 
member of this Society presents a paper like his, that starts us all to thinking. 
If we can only get men to thinking, by and by they will act. A few of us act 
when we do not think and then we are sorry afterwards. 

However, hot water heating by forced circulation is not adaptable to all kinds 
of buildings. That is, it does not show the same efficiency in a hotel that it 
does in a factory or a school building or a hospital. In factory heating, it 
shows a much higher efficiency than it does in a hotel. If any one of you ever 
went into the hotel down in Bloomington, Ind.—I have forgotten the name of 
it—it was about 11 o’clock at night and the room was the way Dean Anderson 
wanted it, about 72 F, and the weather was zero outside; when you went to bed 
you did not sleep and a few minutes later you threw all the covers off but the 
sheet; along about 2 or 3 in the morning, that radiator had cooled off to the 
point where the next morning you did not talk any, because that room was 
heated by hot water with forced circulation. 

That is one of the failures of forced hot water that you do not get with this 
sub-atmospheric heating; although I believe that in a factory building I would 
be willing to challenge the sub-vacuum heating on an efficiency basis. I am sure 
it would show as high an efficiency, if not higher. 

I went into a hospital that was heated with forced hot water one day this fall, 
not a very cold day, but they needed a little heat and I found that the water was 
entering the radiator at about 90 F, just enough to take the chill off the room. 
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That could be done with thermostatic control on a radiator, or on manually 
controlled radiators for that matter, but I doubt if it is. My experience has 
not borne that out. However, I still think we have a lot to learn about this sub- 
atmospheric heating. Someone suggested that we ought to know more about 
the actual cost of operation. I think that is a very logical suggestion because in 
the end, if we pay a lot for saving a little, we will not have much in the bank 
to show for it. I would like to see some experiments carried on next year. 


F. D. Mensinc: If we will do a little thinking back on our own work, I 
think things relative to this paper will come to our minds. We have had experi- 
ence with the Paul system. (It is no longer a patented system, so we will use 
the name.) We have had in connection with this system vacuums at the boiler. 
Our memories will show us that sub-atmospheric operations of steam system 
are not new and will work. 


If we will check up our ordinary every day two-pipe vacuum systems, we 
find (unless there is an engine on the job) that at many times they work sub- 
atmospherically. We have a job where we have found as much as 19 in. 
of vacuum. 

I would also suggest when we go into sub-atmospheric vacuum systems, we 
check up on our boilers and find what will be the result. Boilers are not designed 
for vacuums but for pressures. Vacuums are difficult to handle particularly in 
cylindrical vessels of large areas. 


I have read this paper carefully, and I do not think any of us have enough 
data at hand to carefully check it. A saving of 35 per cent needs mere to sub- 
stantiate it to me than the figures given in this paper. I would not trust my 
eyes or those of anybody in my organization or anybody I know, to prove a 35 
per cent saving on fuel. I would want automatic instruments that did not go 
asleep on the job. 


I have had some bitter experiences along that line and I guess some of the 
other engineers have. Going away from our field for a moment, I will give 
you one experience. I was trying out a motor installation where we used the 
common ordinary everyday indicating type of instrument. It was very well 
checked and a 15 hp motor was decided on. About two years after we bought a 
recording instrument of a popular name, and I thought a good place to try out 
this instrument would be on this same job so we set it going. A red line, plus 
the oil pot in the bottom to act as a damper, showed we needed 334 hp. 

Now, we did the best we could. I think our friend here has done the best 
he could, but now remember every Btu you put into a building, be it factory, 
apartment house or hotel, can only escape from that building in one way, that is, 
through the building structure, and unless you know the conditions of escape 
you cannot check the percentage of your saving. 

In Tue Guine, we call for 15 per cent additional for north and west exposures, 
I believe. I may be wrong on that, but it is very close to that. 

In the system as explained I do not see how the orifices can be changed with 
the change in the wind. Therefore, on two of the sides, at least, and maybe three, 
you are going to have overheating. 

There is more to this paper than has been published. I think it is only right 
that those who have started this job should finish it. 
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R. G. Rosensacu: Mr. Hale made some remarks about the gentleman by the 
name of Osborne, who about 25 years ago conceived the idea of utilizing steam 
for heating purposes below atmospheric pressures. About 25 years ago, a great 
many industrial plants and other plants, operated electric power plants in which 
the engines were running condensing. 


It was Mr. Osborne’s thought that if the steam which was delivered to the 
condenser could be utilized in the heating system by being circulated through the 
heating plant that a considerable saving could be accomplished by making use 
of this steam or portions of this steam going to the condenser, instead of all 
being condensed in the condenser unit and the latent heat in this condensed steam 
wasted. It was usually the case that a condenser vacuum ranged from 25 to 
28 in. Mr. Osborne developed the scheme of circulating steam at pressures of 
from 25 to 28 in. of vacuum through the heating system. 


The principle of the idea was excellent and considerable savings were accom- 
plished by utilizing the exhaust steam otherwise wasted into the condenser by 
circulating it through the heating system. It was soon found, however, that 
difficulties were experienced because the condenser vacuum gradually began to 
drop, resulting in the decrease of power output. This drop in the condenser 
vacuum was occasioned by the leaks developing in the piping system through the 
heating installation. : 

In spite of the efforts made to maintain the jobs tight under such extremely 
high vacuums, it was found almost impossible to keep them so and the main- 
tenance costs of keeping the jobs tight to be suitable for such high vacuum con- 
ditions in the heating system were quite high and presented some complicated 
problems. The idea was therefore subsequently abandoned, as it was felt that 
it would not be practical from the standpoint of operation of the heating system, 
especially those of considerable size, to be able to keep them tight and prevent 
air from leaking into the system. 


As already mentioned, savings were accomplished, but it was more impor- 
tant that the condenser efficiency should be maintained so as not to interfere 
with the power output of the prime movers. It was felt that it was not advisable 
from the standpoint of business policy to sell a client a job which was supposed 
to be circulated at high vacuum and later find that the man had to worry along 
with his installations with a vacuum considerably less than that offered him at 
the start. 

You will note from the remarks that the difficulties encountered were solely 
due to the inability of maintaining a tight job. I would like to ask Mr. Thinn 
if he has had any difficulty in keeping his jobs tight after the second season, 
and I think that the other gentlemen would be very much interested to know 
what provisions he makes to keep the job tight under extremely high vacuum 
conditions, say, over 15 in., and what guarantee he thinks the heating contractor 
should give as to the tightness of the job and particularly as to the perpetuity 
of the tightness. 

Mr. Tu1nn: In regard to the question of tightness of heating systems, when 
we first started this method of heating in the Dunham Building three years ago, 
we tested that system for tightness by obtaining 20 in. of vacuum on the system 
cold. It took three hours on that test to lose 10 in. of vacuum by leakage. 


Then we ran the system for one season, and again we made a test on the 
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system with exactly the same kind of conditions as we had on the first test. We 
found that the system had become tighter. The fittings and the pipe thread, 
evidently must have rusted the joints tighter. We all know how difficult it is 
to tear down old piping. 

What do the hot water circulation men have to say, who are depending upon 
tightness of system? What would take place in a building like this one with a 
forced hot water system, if it would not last more than two or three years? 
What would become of all the decorations, etc., if it should give out all of a sud- 
den? Plumbing systems, for instance, are made tight and remain tight until the 
building is torn down or the pipes rust out. 

In regard to the operating range, this system will operate on pressures as 
low as 25 in. of vacuum. Twenty-five inches of vacuum corresponds to 1% Ib 
absolute. There is not very much left on the gage. By referring to the paper 
you will find that it is possible to reduce the average radiator temperature be- 
low 130 F because steam under such high vacuum is not filling the radiators 
completely. You might have your radiator on very mild days cool at the bot- 
tom and warm at the top, say 130 F at the top. Now, if you figure out the 
averages, you will have an average radiator 'temperature of 80 to 90 F. 

W. H. Carrier: I should hesitate to enter into this discussion, since my busi- 
ness practice has been largely with air heating, were it not for the fact that a 
personal experience with the heating system in my home leads me to disagree 
with the previous discussion of Mr. Lewis relative to the general undesirability 
of one pipe steam systems. 

A year ago I would have decided with him very pronouncedly because I had 
a one pipe heating system in my house that was the worst thing that was ever 
installed. However, since then I have made some changes in the type of radia- 
tion giving a better distribution and, what was more important I put in vacuum 
type air valves of a wellknown make and automatic control. 

I have never had a finer heating system. I think it is largely the way one 
applies equipment whether the results are to be praised or condemned. I have 
changed my ideas completely as to the possibility of one-pipe systems doing 
effective heating, especially in the home. I do not know that I would recom- 
mend it for office buildings; that is a different proposition, but for the home 
the one-pipe system can be made to give very efficient results if properly in- 
stalled, and equipped with the right accessories. Unfortunately, my system is 
not vacuum tight, although I went to considerable expense in having the valves, 
repacked, but I made a mistake in not putting in packless valves. 

Speaking of leakage in piping systems, I think 99 per cent of that is in leak- 
age at the valves. You can tighten the valve packing, but because of alternat- 
ing pressure and vacuum they will not stay tight. The money I spent in re- 
packing my valves was thrown away. I could have spent a little more and in- 
stalled packless valves which would have remained perfectly tight. I would 
say that packless valves are a necessity with a vacuum system. 

However, I believe that the ultimate system of the future will combine the 
advantages of both hot water and steam. It will be designed like a hot water 
system with few accessories placed not on the radiators but in the basement. It 
will employ a forced circulation of steam and air throughout the system. It 
will afford uniform distribution of heat to all radiators at all temperatures, just 
as will hot water. The quantity of heat will be easily controlled by orifices or 
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modulating valves. Vacuum type valves will be unnecessary because the pres- 
sure will always be at atmospheric or slightly above. At full load oniy steam 
and condensate will be circulated, while at other times a mixture of vapor and 
air at atmospheric pressure will be circulated. This will permit the desired 
variations in the temperature of the heating medium just as with hot water. 
At the same time it will give a more positive circulation and distribution of heat 
and will require less heating surface and give a more ready response than the 
hot water system. 


I believe that such a system is feasible and will eventually be adopted. ,It 
offers the solution for many of the present difficulties in steam and hot water 
heating. The other solution is to use air directly as the heating medium. 

A. J. Dickey: There are several observations that I have made on this paper. 
One question was asked in connection with the value, I judge it was, of tem- 
perature control on radiators. It seems to me that we might reasonably expect 
that with this system and with all of the radiators equipped with individual 
temperature control, the system functioning at the low temperatures, there is 
bound to be a saving from losses which might otherwise occur in the opening 
of windows over what loss you would have if that system was operating at 
atmospheric pressure because of the high temperatures in the radiators. Would 
that be reasonable ? 

Mr. Nessitr: If you are addressing the question to me, I believe it is prin- 
cipally a matter of regulation—if there is a saving in generating steam at lower 
temperatures it has not been established. It, therefore, seems evident to me 
that the regulation of the temperature is the principal advantage of this system. 

Mr. Dickey: I misunderstood your question. Dean Anderson spoke of liking 
to have the hotel room with lots of heat. We have always looked forward to 
Dean Anderson’s visit to Toronto, and when he runs out of any of those hot 
hotels down here, we can show him a lot of them up there. He will not have 
any trouble finding a hot berth. 


This other feature, too, appeals to me, in connection with this system: That 
there is not a great deal ot difference in the type of equipment, in connection 
with this sub-atmospheric system as described, than we have in the old-fashioned 
vacuum return systems. We have traps and pumps and piping arrangements 
much the same, and the application of the differential system idea, with the 
equipment that is required, does not mean a radical change in the application 
so that we have very little trouble individually or otherwise to prove out the 
thoughts that are expressed in this paper. 

Mr. THINN: Dean Anderson mentioned that the comfort of people should be 
considered. I have always learned that people are in comfort when their rooms 
are kept at a reasonable temperature. Doctors tell us that we should not have 
over 70 F in our homes; that if we overheat our rooms, we are apt to go outside 
and catch cold. If this overheating can be stopped, I should think that this 
would tend to improve people’s comfort and their health. Furthermore, anyone 
who has been working alongside of a radiator filled with steam at 2 lb pressure 
steam knows what radiant heat is. Then contrast the difference between this 
and the same radiator operating at about 130 to 140 F temperature from which 
you will hardly notice any radiant heat, and you will see what is meant by com- 
fort in a building heated by this type of heating. 
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RATIO OF OPENING OF FAN PERFORMANCE 
IN TERMS OF DIRECT PRESSURE- 
QUANTITY RELATIONS’ 


By G. E. McEzroy,? PittspurcH, Pa. 


NON-MEMBER 


UE to the large number of variables involved, there are many methods of 
presenting fan performance characteristics. Tabular data are in general 
use and serve fairly well, but they do not compare with graphic presen- 

tation of the required data for conciseness, for completeness, or for giving a 
real conception of relative changes in fan performance. 


The simplest graphic method of presenting such data is to plot pressures, 
powers, and efficiencies against quantities on rectangular coordinates, for defi- 
nite speeds and at standard air conditions. For single installations a graph of 
this type ordinarily satisfies all requirements and should be supplied by the 
manufacturer without request, and certainly on request. 


For the general purpose of fan selection, a graph for every speed, size and type 
of fan would be impracticable and for this purpose many types of ratio charts 
are in use. These involve ratios of performance data rather than specific data, 
and apply to a whole line of fan sizes of a single type. Their use involves con- 
siderable mathematical ability, some degree of experience in using the particular 
type involved, and often some basic starting data not marked on the charts but 
given in supplementary tables. Some types are easier to follow and require 
fewer computations than others. 


The writer has been particularly interested in mine fans for which the avail- 
able performance data are in the form of ratio charts in which performance 
ratios are plotted against ratio of opening. The latter is the ratio that the area 
of an orifice on the discharge end of a short test duct bears to the area of the 
duct which is made the same as that of the fan discharge. The writer has also 
been particularly interested in the determination and calculation of direct pres- 
sure-quantity relations for mines and mine airways. The expression of ratio 
of opening in terms of direct pressure-quantity relations was therefore desired, 
and this involved the consideration of actual pressure-losses at orifices. 





1 Printed by permission of the Director, U. S. Bureau of Mines. (Not subject to copyright.) 

2 Mining engineer, U. S. Bureau of Mines. 

Presented at the Annual Meeting of the American Society oF HEATING AND VENTILATING 
Enoineers, Chicago, January, 1929. 
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Orifice Pressure Losses 


The measurement of air flow in ducts by means of small pressure differences 
at inserted orifice plates is standard practice in industry and one that has been 
the subject of numerous investigations. These investigations show that the main 
difficulty in the practical application of the method is the fact that variable co- 
efficients are involved, and a rigid selection from experimental data is required, 
based on the exact conditions of the orifice as to type, location and ratio of area 
to duct area. Practically all of the available experimental data on air flow relate 
to either thin-plate, sharp-edged orifices or special forms, and are therefore not 
applicable to the type of orifice used in determining fan performance, since the 
latter is generally a thick-plate, square-edged orifice symmetrically placed on the 
end of a pipe discharging into the atmosphere. 

No experimental data for this type of orifice and condition of placement ap- 
peared to be available, so in the fall of 1926, in connection with some fan test 
experiments® conducted at Butte, Montana, in cooperation with the Anaconda 
Copper Mining Co., the writer determined pressure losses for four square-edged 
circular orifice plates, made of 7/32-in. basswood, installed on the discharge end 
of an 18-in. diameter smooth-iron pipe. Pressure losses for various positions 
of a cone orifice, used as a regulator for varying resistance conditions, were also 
determined in this same series of experiments. 


New Constant for Expressing Orifice Pressure Losses 


In analyzing these pressure-loss results, it was found that the static pressure 
at the orifice on the end of a pipe, for both the plate and cone types, bore an 
almost constant ratio to the difference in velocity pressure as between the orifice 
area and the pipe area. The constancy of the ratio was much greater for the 
cone orifice than for the orifice plates due, it is thought, to lack of sufficient pre- 
cision in measuring orifice diameters. Confirmatory data for the latter type of 
orifice were therefore desired. These have been supplied, fortunately, by more 
recent experiments* of Weeks and Berray and of Callen and Mitchell on thick- 
plate, square-edged, square orifices inserted in square ducts. By assuming that 
the difference in pressure loss is represented by the difference in shock loss for 
the two conditions of installation, that is, using coefficients of contraction based 
on shock loss, it is possible to compute ratios of static pressure (SP) to differ- 
ential velocity pressure (DV P) for the orifices of these experiments as used on 
the end of a duct. Similar ratios have also been computed from the data given 
in the handbook® Fan Engineering for thin-plate sharp-edged orifices on the 
end of a duct (p. 65) and from the coefficients given for the same type of orifice 
inserted in a duct (p. 71). 


Values of the ratio were computed from the shock-loss coefficient of 





SP 
DVP 
contraction, termed “coefficient of discharge” in Fan Engineering, by means of 
a formula developed as follows: 

Let N = ratio of duct area to orifice area 
c = shock-loss coefficient of contraction 
* McElroy, G. :. a Richardson, A. S., Experiments on Mine Fan Performance, Technical 
Paper No. 447, b . Bureau of Mines. 
4 Weeks, Walter 'S> S., The Air- wy ty and discussion; presented at the February, 


1928, meeting of the Inst. of Min. ngrs 
§ Fan Engineering, 2nd ed., 1 
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VP = velocity pressure in duct 


SP = static pressure in duct at orifice discharging to the atmosphere 
DVP = difference in velocity pressure as between orifice area and duct 
area. 


2 
The total pressure loss at an orifice discharging to atmosphere is () VP, 


and the: static pressure at the orifice is one duct velocity pressure less than 
2 

the total pressure loss, or SP = = — | VP. The velocity pressure for 

the duct erea is VP and for the orifice area N? x VP, therefore DVP = 

(N? — 1) VP, 


wae ee IG) = 
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Determined and computed values of the ratio iF for orifices at the end of a 


duct and of the shock-loss coefficient of contraction (coefficient of discharge) 
are given in Table 1, using the above notation. The uniformity of the ratio is 
striking, particularly in the range of 0.2 (N = 5.0) to 0.7 (N = 1.43) orifice 
area ratio for which the probable accuracy of experimental results is greatest, 
and suggests the possibility that the lack of agreement for very low and very 
high orifice ratios may be due to experimental errors. 


That accuracy is difficult to obtain experimentally at extreme orifice ratios is 
| common knowledge and it is possible that calculated coefficients, based on 
SP/DVP ratios, may be more accurate for these extreme ratios than experi- 
mentally determined values. In any event, the practical range of orifice ratios 
is limited to 0.1 to 0.7, and it would seem that the SP/DVP ratio at least offers 
a method of securing faired-up values of the shock-loss coefficient of contraction, 
or coefficient of discharge, within this range. 

A tentative conclusion that may be drawn from the general agreement of 
values of ratios derived from tests for two different conditions of installation 
of two different shapes of orifices of the same general type is, that, within 
practical limits of experiment and application, the pressure loss at orifices can 
be regarded as entirely due to shock-loss and independent of the shape of the 
orifice wher the latter is symmetrical with the duct. This conclusion requires, 
of course, to be substantiated by more conclusive data. 


Type Constant for Thick-Plate, Square-Edged Orifices 


For the present purpose of determining what “ratio of opening” means in 
terms of pressure-quantity relations, the thick-plate, square-edged orifice data 
only need be considered ; and, since fan performances at extreme ratios of open- 
ing have no practical importance, minor discrepancies for these ratios may be 
neglected. Inspection of the experimental results shown in Table 1 indicates 
that a good average value of the SP/DVP ratio for this type of orifice is 2.45. 
The experimental coefficients of contraction listed in Table 1 are plotted against 
orifice ratio in Fig. 1 in conjunction with a curve for the coefficient derived 
by calculation from SP = 2.45 DVP. Inspection shows that the curve fits the 
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experimental data with a fair degree of accuracy and certainly with sufficient 
accuracy to permit its use in calculating approximate average data for the re- 
sistance of orifices used in fan tests. 
Direct-Pressure-Quantity Relations 

The relation of pressure to quantity, or resistance to flow, of a ventilating 


TO DUCT AREA 


square, square cue 
Weeks and Berray, 2, square, in 10.0” square duct 
McElroy at end of 
18.0” diameter duct 


RATIO OF ORIFICE AREA 





COEFFICIENT OF CONTRACTION eas 


Fic. 1. Comparison or EXPERIMENTAL DaTA FoR THE SHOCK-Loss 

CoEFFICIENT OF CONTRACTION oF SQUARE-Epcep, THICK-PLATE 

OriIFICES WITH COEFFICIENTS BASED ON THE ForMULA SP = X 

DVP; Wuere SP = Static Pressure at ORIFICE ON END OF 

Duct, X = Constant For Type or Oririce AND DVP = Dirrer- 

ENCE IN VELOcITY PreEssuRE AS BETWEEN ORIFICE AREA AND 
-Pipe AREA 


system may be expressed, with a practical degree of accuracy, by the formula 
H = RQ*, where H is pressure, Q is quantity of flow and R is a factor of 
specific resistance similar to the ohm of electrical resistance. For convenience 
ot calculation and application, the author has found it to be desirable in mine 
ventilation practice to use pressure in inches of water and rate of flow in 
hundred thousands of cubic feet per minute. With these units, R is termed 
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“resistance factor” and represents numerically the pressure in inches of water 
required to maintain a flow of 100,000 cfm. 

With the test duct on a fan of the same area as the fan discharge, the differ- 
ence between total pressure (7P) and static pressure for both orifice and fan is 
one duct velocity pressure, and the static pressure at the orifice is the same as 
that at the fan, except that the latter is increased a small amount by the re- 
sistance of the test pipe. The latter is a negligible factor at small orifice ratio, 
but of some importance at high orifice ratios. It is necessary, therefore, to 
determine values of Rin H = RQ? for both orifice and pipe. 


Ratio of Opening in Terms of R 
Since DVP = ( N? — 1) VP, SP = 2.45 (N? —1) VP and TP = [2.45 
(N? — 1) + 1] VP, pressure losses for any orifice ratio can thus be computed 


in terms of duct velocity pressures. To determine values of FR for orifice ratios 
it is necessary to express VP in terms of R. 


Let VP = velocity pressure in inches of water 
V = velocity in feet per minute 
q = quantity in cubic feet per minute 
d = air density in pounds per cubic foot 
A = area in square feet 
Q = quantity in hundred thousands of cubic feet per minute. 


The standard formula for velocity from velocity pressure is 
V = 1097 J , 


VP = V? xd x 0,000000831. 





and by transposing, 


At standard air density of 0.075 lb per cu ft this reduces to 
VP = 0.0000000623 V2 
But 


q 
V 2 — Az 

and by substitution 
__ 0,0000000623 gq? 623 











VP A? = ro O°. 
For a pressure equivalent to X velocity pressures, then, 
623 X 623 X 
a= 7a Q,, and R = 7 


Since X is constant at G 





for constant orifice ratio or ratio of opening, it is 


apparent that R will vary inversely with the square of the area of the duct and 
therefore of the fan discharge area. 

Values of R for a length of one diameter of duct can be determined in the 
same form from the standard air flow formula: 
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KS KS 
— gi «= 10 2 
alk °F i, ~ 9.2 A® mew 
where K = friction factor; S = rubbing surface in square feet — length times 
perimeter ; and H, A, q and Q have the same designations as before. 


For smooth straight duct, the value of K at moderate to high velocities will 








average about 0.0000000012 or aa" If D = diameter, then 
pr — le x 12x D x 7D _ 12x44 __ 9.23 
7 10? x 5.2 A® at i a fe 


Values of R for both orifice pressures and duct pressures can thus be expressed 
, Cc ‘ : , 
in the form R =z where C is a constant that can be calculated for either orifices 


alone or, by addition, for orifices and duct of test installations. Assuming ten 
diameters of duct for the average length of test pipe, values of the constant C in 


R == have been computed on a SP = 2.45 DVP basis, and are tabulated in 


Table 2 as representative of a typical test installation. 


TABLE 2. VALUE oF RESISTANCE CoNSTANT C IN R = & FoR RATIOS OF OPENING 


BASED ON SP *Ratio oF 2.45 
DVP 














Pressure Loss at Value of C 

Ratio of e+. ae “" a. oe ae | _ 

Opening Static Total Static bac Total Static = Total 
0.10 242.5 243.5 151,078 151,701 151,170 151,793 
0.20 58.8 59.8 36,632 37,255 36,724 37,347 
0.30 24.78 25.78 15,438 16,061 15,530 16,153 
0.40 12.86 13.86 8,011 8,634 8,103 8,726 
0.50 7.35 8.35 4,579 5,202 4,671 5,294 
0.60 4.36 5.36 2,716 3,339 2,808 3,431 
0.70 2.553 3.553 1,591 2,214 1,683 2,306 
0.80 1.377 2.377 858 1,481 950 1,573 
0.90 0.574 1.574 358 981 450 1,073 
1.00 0.000 1.000 000 623 92 715 




















Ratio of Opening in Terms of Pressure Ratios 


In practice, although fan performance may be plotted against ratio of open- 
ing as a base, test results are more often based on pressure ratios whose relation 
to ratio of opening has been fixed by previous test work. Ratios of velocity 
pressure to static pressure may be used, although ratios of velocity pressure 
to total pressure are more common. Values of both, on the same basis as above, 
have been computed as the reciprocals of the pressures expressed in velocity 
pressures, and are tabulated in Table 3. 

Ratios of velocity pressure to total pressure corresponding to the same ratios 
of opening, as taken from small-scale graphs of fan performance, are shown in 
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PRESSURE, INCHES OF WATER 
10 


10 






RATIO SCALE 
, CUBIC FEET PER 


0.01 
RESISTANCE CONSTANT, C IN C=R A? 


PN-355 
25 


Fic. 2, CHART For THE RAPID GRAPHICAL DETERMINATION OF RATIO OF OPENING AND 
VeELocity-PressureE RATIOS OF FAN PERFORMANCE FROM Direct PRESSURE- 
Votume RELATIONS OF VENTILATING SYSTEMS 





FAN OUTLET AREA, SQUARE FEET 
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the last three columns of Table 3. Apparently the test duct effect is eliminated 
in these values by adjusting the relation to ratio of opening to come out smoothly 
at 1.0 for a ratio opening of 1.0. Those in Column A are for a line of fans 
frequently encountered in mine ventilation and show good agreement with the 
calculated values. The figures in Columns B and C were selected at random 
from small fan tests and the higher values indicate that they were determined 
with orifices having rounded edges. Similar data for exhaust fan performance, 


SP 
TABLE 3. VeELocITy-PRESSURE RATIOS FOR RATIOS OF OPENING BASED ON -y>p RATIO 























DVP 
oF 2.45 
Ratio of Velocity Ratio of Velocity Pressure to Total 
Pressure to Static Pressure 
Pressure Computed 
Orifice Orifice 
lus 10 lus 10 Manufacturer’s Data 
Ratio of Orifice iam. of Orifice iam. of 
Opening only Pipe only Pipe A B Cc 
0.10 0.004 0.004 0.004 0.004 0.008 0.015 0.010 
0.20 0.017 0.017 0.017 0.017 0.020 0.033 0.035 
0.30 0.040 0.040 0.039 0.039 0.046 0.058 0.078 
0.40 0.078 0.077 0.072 0.071 0.079 0.098 0.140 
0.50 0.136 0.133 0.120 0.118 0.132 0.150 0. 
0.60 0.229 0.222 0.187 0.182 0.200 0.227 0.340 
0.70 0.392 0.370 0.281 0.270 0.287 0.355 0.475 
0.80 0.726 0.656 0.421 0.396 0.425 0.535 0.660 
0.90 1.742 1.385 0.635 0.580 0.647 0.755 0.800 
1.00 ost 6.780 1.000 0.872 1.000 1.000 1.000 




















actually based on static pressure at fan inlet, as would be expected, also show 
a general lack of agreement. 


In general, then, while a good correlation of resistance factor to ratio of 
opening may be obtained for general application, it wili undoubtedly fall down 
in special cases. In any case, however, in which the ratio of velocity pressure 
to total pressure is given, the value of the constant C on a total-pressure basis 
will be the reciprocal of this ratio times 623; and where ratio of velocity pres- 
sure to static pressure is given, the value of C on a static pressure basis will be 
equal in value to the reciprocal of this ratio times 623. On a total-pressure basis 
the normal value of C is 623 greater than it is on a static-pressure basis. 


Chart for Determining Ratio of Opening 


In order to determine the ratio of opening for a particular pressure-quantity 
relation—that is, for a particular value of R—the area of fan discharge must be 
known. In Fig. 2 the writer presents a chart on logarithmic coordinates for 
the rapid graphic determination of ratio of opening (based on thick-plate 
square-edged orifices) velocity-pressure ratios, resistance constant C, area of fan 
discharge, resistance factor R, total pressure, static pressure and quantity of flow 
in terms of each other. The scale for the latter is given, as a matter of con- 
venience, in cubic feet per minute, although the actual values of R and C are 
based on quantities in hundred thousands of cubic feet per minute. 

The general method of using the chart (Fig. 2) may be explained by the 
solution of the problem shown by the broken lines. In this problem the quantity 
of flow is 100,000 cfm; static pressure at fan discharge (blowing), corrected 
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to standard air density of 0.075 lb per cu ft, is 3.0 in.; and the area of the fan 
discharge is 50 sq ft. Referring to the chart: The intersection of the horizontal 
100,000 quantity line with the vertical 3.0 pressure line establishes a point on 
the resistance-factor line (actual value 3.0) whose slope is shown by the 
diagonal 1 to 2 ruling. The intersection of this sloping line with the horizontal 
area line 50 establishes the value of the resistance constant C, read on the scale 
vertically below this point, as 7500. The iatersection of the vertical resistance- 
constant line 7500 with the curve for ratio of opening based on static pressure 
establishes the value for ratio of opening, read on the outer left scale, at 0.41 (41 
per cent), and its intersection with the velocity-pressure ratio curve establishes 
the value of the latter, on the same scale, at 0.083. 

If total pressure were used in this problem instead of static pressure, TP = 
3.25, R = 3.25 and C = 8123. The intersection of the vertical through the 
latter with the ratio of opening curve based on total pressure gives the same 
ratio of opening, 0.41, but a lower velocity-pressure ratio, as it should. 


Charts for Fan Selection 


A chart similar to Fig. 2 might be used to present fan performance and 
facilitate fan selection—that is, a ratio chart using the resistance constant C as 
a basic scale against which to plot performance ratios. The value of this con- 
stant in terms of direct pressure-quantity relations involves the area of dis- 
charge, but for general purposes of fan selection it is the value of C that is 
desired, since for the same value of C all sizes in the line are considered to 
have the same efficiency and operating characteristics. In selecting a fan, the 
value of R is known, and if the value of C for best efficiency for the fan type 
is known, the solution for area of discharge is simple. Area of discharge is 
usually related to the number specifying the fan size in such a way that the 
value of C may be modified to give a solution direct in terms of fan size. Actu- 
ally, in making an economical fan selection, it is desirable to obtain, with a mini- 
mum of effort, complete data on several sizes of several types in order to arrive 
at a minimum total cost for both installation and operation. With no less than 
seven main variables involved, a much clearer and simpler presentation of fan 
data is desirable than is at present available for the general run of fans. 

Ratio of opening and other ratios used as basic scales for presenting fan data 
have no fundamental basis, and it is well known that rectangular coordinates 
give no real data as to comparative rates of change between quantitites of 
unequal magnitude. What is required for presenting fan performance, in the 
author’s opinion, is the more general use of logarithmic-coordinate plotting 
paper, so that equations involving powers and roots will plot as straight lines, 
and the selection of a base for plotting that involves resistance to flow in direct 


gD ae , Cc 
terms. In the latter connection it is suggested that values of C in H = a Q? 


might be used and termed “resistance constant” of fan performance. 

What is really required for the simplification of fan selection is the use of 
charts that one may enter with definite quantity and pressure values or their 
equivalent, a resistance value, and come out with definite size, speed, power 
and efficiency data. There is no doubt that this can be done, but there is some 
doubt as to whether it can be done with a practical degree of simplicity. In 
order to secure maximum advantage from any form of chart, it is imperative 
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that a standard form be used by all manufacturers. Such a result could, of 
course, only be brought about through cooperation of the parties interested and 
could logically be handled through the National Association of Fan Manufac- 
turers and the AMERICAN Society OF HEATING AND VENTILATING ENGINEERS. 


Summary and Conclusions 


In attempting to correlate ratio of opening used as a basis for expressing 
relative fan performance, the author has analyzed the results of pressure-loss 
experiments on orifices, with particular reference to the thick-plate, square- 
edged type involved in fan test work, and has found that, within practical 
limits of application, a single constant can be used to define a type of orifice. 
The constant referred to is the ratio of static pressure at the orifice, when dis- 
charging into the atmosphere, to the difference in velocity pressures between 
the duct area and the orifice area. The use of this constant is proposed as a 
method of fairing-up experimentally determined coefficients of discharge for 
orifices. 


The constant derived from experiments on thick-plate, square-edged orifices, 
2.45, has been used in calculating values of ratios of opening, and velocity- 
pressure ratios, in terms of direct pressure-quantity relations. This involves a 
new conception—termed “resistance constant”—for the expression of pressure- 
quantity-area relations and one that seems particularly adapted for use as a 
basic scale in presenting data on relative fan performance. A chart, based on 
this new conception, is presented for the rapid graphical determination of ratio 
of orifice, and velocity-pressure ratios from direct pressure-quantity relations. 














WiIIARA 











Witinha 


No. 830 


HEAT AND MOISTURE LOSSES FROM THE 
HUMAN BODY AND THEIR RELATION 
TO AIR CONDITIONING PROBLEMS 
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MEMBERS 


vironment is necessary for progress in the art of heating and ventila- 

tion. This principle has long been recognized by leaders in this branch 
of the engineering profession, and was one of the main factors leading up to 
the establishment of the Research Laboratory of the AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS. 


Since its establishment, the Laboratory, in cooperation with the U. S. Bureau 
of Mines, has had under investigation as one of its most important lines of 
research, the relation between temperature, humidity and air motion and feeling 
of warmth, comfort, health and the physiological reactions experienced by 
human beings. This study has resulted in the development of information and 
data of great value to the public in general, as well as to the heating and venti- 
lating engineer, the physiologist and the physician. 

As a result of completion of another phase of this investigation, there is pre- 
sented in this report, information concerning the rate of heat production in, and 
dissipation from the body, both for still and moving air. Heat loss from the 
body is differentiated into loss by radiation and convection or sensible heat loss, 
and loss by evaporation of moisture or latent heat loss. A number of curves 
for solution of practical problems in air conditioning and examples in their use 
are also presented. 


To satisfy the processes of life, man takes into his system food consisting 
largely of oxidizable material, air containing oxygen as its essential constituent, 
and water. Through the process of metabolism, carbon, hydrogen and other 
elements in minute quantities, contained in the food, unite with oxygen from 
the inspired air developing energy for internal and external work and heat 
for maintaining body temperature. 


A N UNDERSTANDING of the relation of man to his atmospheric en- 
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Fic. 1. BALANCE ON WHICH SusBjects ARE WEIGHED 


The chemical reactions for the oxidation of typical classes of food in the body 
are exothermic or proceed with an evolution of heat. These reactions are 
stated by MacLeod? as: 

1. Carbohydrate: 

C,H,,0, + 60, —6CO, + 6H,O 
(Dextrose) 

2. Fat: 

C,H,(C,,H,,0,), + 800, = 57CO, + 52H,O 
(Olein) 

3. Protein: 

C,.H,,.N,,0,,5 + 770, = 63CO, + 38H,O + 9CO(NH,), + SO, 
(Albumin) 

The calorific values used in determining the heat produced in the body for 
each of the three classes of foods are those universally accepted by the physi- 
ologist. Computations were actually based upon the volume of oxygen consumed 
rather than upon the weight of food. The values used for the three classes of 
foods are: 

1. Carbohydrate: 

567 Btu per cu ft of O, consumed or 6789 Btu per Ib of dextrose. 
1 See Bibliography, p. 266. 
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2; ae: 
526 Btu per cu ft of O, consumed or 17,114 Btu per Ib of olein. 
3. Protein: 
504 Btu per cu ft of O, consumed or 8646 Btu per Ib of albumin. 


That there is a change in total heat production with high and low environ- 
mental temperatures has been shown by a number of investigators. Possibly 
the most complete evidence of this fact is given by McConnell, Yaglou and 
Fulton? who found that basal metabolism was a minimum at effective tempera- 
tures of 75 to 83 F. There was a definite increase at temperatures above and 
below this range. . 

Krogh® shows an increase in metabolism for warm blooded animals at both 
low and high temperatures. Lusk* also shows data on warm blooded animals 
which give increased metabolism at high and low temperatures. Voit® and 
Rubner® give data showing an increase in heat production in man at low tem- 
peratures. Wolpert’ also demonstrates this fact and goes further to show that 
wind velocity causes an additional increase. Hill® found that metabolism was 
much higher sitting out of doors especially in cold windy weather. He also 
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Fic. 2. EXAMPLE oF WEIGHT Loss OveR TIME INTERVAL 


states that Lefevre found the heat production at 5 C (41 F) was twice as great 
as at 20 C (68 F) with 1 meter per second (199 fpm) air velocity. Benedict, 
Benedict, and Du Bois® exposed men and women to a blast of hot dry air driven 
through an oilcloth bag in which the subjects were enclosed. Their heat pro- 
duction was increased by 5 or 10 per cent over that in room air. 

For temperatures below those used in ventilation, the energy produced in the 
body is only sufficient to take care of the processes of life, work performed and 
to meet normal heat losses. As the temperature of the surrounding atmosphere 
rises above this level and the difference in temperature between the body and 
air becomes less, control of heat dissipation in order to maintain temperature 
equilibrium becomes the main function of life, or the adjustment of the internal 
to the external. 

Under these conditions equilibrium is largely maintained through the avail- 
ability of perspiration for evaporation. A large quantity of water vapor is added 
to the air through evaporation of perspiration from the skin and clothing, and 
moisture from the respiratory tract. A better understanding of these functions 
is of value to the heating and ventilating engineer for two reasons. First, a more 
complete knowledge of the relation of the atmospheric environment to man, his 


2, 3, 4, 5, 4 7, 8% © See Bibliography, p. 266, 267. 
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comfort and physiological reactions will make it possible for the engineer to 
produce better atmospheric conditions for human comfort. Second, a better un- 
derstanding of the effect of these processes of life on the surrounding atmosphere 
as regards addition of heat and moisture is necessary in designing heating and 





Fic. 3. MetasotisM APPARATUS FOR DETERMINING RATE AND 
ANALYsIS OF EXHALED BREATH 


ventilating systems which will maintain desired atmospheric conditions in space 
occupied by large audiences. 

The object and need of this particular phase of the more general problem of 
determining the relation between temperature, humidity and air motion and the 
feeling of warmth, comfort and health of human beings were outlined by the 
Technical Advisory Committee on this subject, under the chairmanship of W. H. 
Carrier.’° 

The purpose of the Laboratory investigation was to determine the rate of heat 
production in the body, the rate of heat dissipation to the air and the differentia- 


1° See Bibliography, p. 267. 
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M- Millimeter Scale 
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Fic. 4. APPARATUS FOR MEASURING, SAMPLING AND ANALYZING 
EXHALED BREATH 
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tion of this loss between that taking place by radiation and convection, or sensible 
heat loss and loss by evaporation of moisture, or loss of latent heat. It was also 
the purpose of the investigation to determine the rate of addition of moisture to 
the air by evaporation from the skin and lungs. 


Test Procedure and Observations 


In this study 267 tests were made on subjects in the psychometric chambers of 
the Research Laboratory of the AMERICAN Society OF HEATING AND VENTILAT- 
ING ENGINEERS in the Pittsburgh Experiment Station of the U. S. Bureau of 
Mines. In either of these two rooms, which are completely described in another 
report,!! any desired atmospheric condition may be maintained. 
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Complete details of the characteristics of the subject, the technique of the 
study and precautions observed in order to insure accurate results, are probably 
of greater interest to the physician and physiologist and have been published in 
the American Journal of Physiology'* reaching those persons. Only the facts 
concerning this phase of the study which were thought to be of general interest 
to the engineer will be given here. 

The subjects were university students of good health and average physique be- 
tween the ages of 19 and 24 years. Since heat production depends largely upon 
the activity and diet of the subject and since it was desired to have the data 
apply to persons normally at ease as in an audience hall, their ordinary diet and 
routine of life were not interfered with outside of the 41%4 hours of the prelim- 
inary and test periods. During the preliminary and the 4-hour test periods, they 
sat at a table in a test chamber kept at the desired atmospheric condition. They 
were normally clothed, and their activity consisted of making a few test observa- 
tions, and reading, studying or talking as was their pleasure. Unusual or strenu- 


1, 12 See Bibliography, p. 267. 
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Fic. 7. CHART For DETERMINING SURFACE AREA OF INDIVIDUALS, 
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ous activity was not permitted, but normal movement of body and limbs was not 
interfered with. 


The data collected during the 4-hour test period constituted a heat balance test 
not unlike a heat balance test on a boiler. Weighing on the bullion balance, Fig. 
1, gave the rate of weight loss of the subject to within plus or minus 0.2 gram. 
Fig. 2 shows the accuracy which could be obtained by frequent weighing. The 
weight loss is due to evaporation of moisture from the body and to the carbon 
dioxide exhaled less the oxygen consumed. Measurement and analysis of the 
exhaled breath with the metabolism apparatus, Figs. 3 and 4 gave the rate at 
which carbon dioxide was produced and oxygen consumed. The total rates of 
carbon dioxide production, oxygen consumed and exhalation in cubic feet per 


‘Fahr 
AX, oo 
4 
Lt | | i i 


it’ 
palate Teulada ata fey atta fase Mpanalans 


90° y/ 
[Worvereer 
TTTrreT 


. 





















+ + + 
aa +444 


y 

















Ch 
aes 





§ 














8 

































































S 
Ss 


















































TT § re 8 
Tote! BTU per He for Average Men, C195 5g Ft) 














& 
S 
Ss - 





te tpt +--+ 4 tt 


$+ $+ 5 pf 











+444 4+ 44-44 44-444 


t+ $$ 4-4-4444 


Sime! Cotories per Sg. Meter per Min 





$pip ig 4 f 5 4 f 


seevesseesesss 





FF IAP Panta pate t ol 
eee See ueseueeweo* ewes: See! ht 
10° 20" JO’ 40° 50 
Ory Bulb Jenperciuvre °C. 
Fic. 11. ReLtation BETWEEN Heat Loss sy EvarorATION FROM THE HuMAN Bopy 
AND Dry-BuLs TEMPERATURE 






hour reduced to standard conditions of temperature, and pressure are given in 
Fig. 5 for all tests made on the subjects. 

The rate of heat production was determined from the analysis of the exhaled 
breath in accordance with an accepted method" of calculation giving the meta- 
bolic rate. 

Table 1 is a sample set of data, calculations and results from one of the 267 
tests. For convenience in use of the instruments available, the observations and 
calculations were made using metric units and the results were later translated 
into English units. 

The data collected are for relative humidities of approximately 20, 45, 70 and 
95 per cents, effective temperatures ranging from 44 to 100 F, and conditions of 
still air and velocities of 235 and 385 fpm. In fixing the limits of the effective 
temperature range, it was desired to obtain data over the range met within 
heating and ventilating practice. In order to establish the curves over this range, 


See Bibliography, p. 267. 
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Fic. 14. RELATION BETWEEN Heat Loss From THE HUMAN Bopy AND 
EFFECTIVE TEMPERATURE FOR STILL AND MoviNnG AIR 


limits somewhat beyond those dictated by the needs of such practice were chosen. 
The upper practical limit was fixed at 90 F effective temperature. The lower 
limit was chosen as the lowest which could be endured at rest with the prescribed 
clothing without undue discomfort. 

Beyond the limit of 90 F effective temperature four tests were made in order 
to check the tendency of the curves at higher temperatures. These points show a 
very definite direction for the curves but may be slightly in error due to the nec- 
essarily shorter duration of the test, the inability of the body to adjust itself 
quickly to abnormal conditions, the excessive temperature rises, the excessive 
perspiration and the general effect of the hot conditions on the subjects and 
observers. 











Fan. 
Aasityashaa Poslysytopslaa toy ate aptaoqlap phic ae ae Pali 
Tio or edad Tort 














































































































+++ 
| ian 

- rrr itt Cot 
3 cor | Lo e0e § 
$ rH rH «= 
a eee! + Ht a — 
: | Pa & 
. } mene! aan N 
= 00 hd AL ee ee ea mr a can i is ! I +e Sy 
+ : : or t THE as P35 
é | ie 

“wo 83 
. a aS 
Ns - . 
g = Qa 
c ; 7200s 
s a. = 

= ~ 
5 iw 3 








oS fF 1 OF BW 3 Ie 0 we OD CE 6a 
Ory Bulo Temperature °C 
Fic. 15. RELATION BETWEEN Heat Loss rromM THE HUMAN Bopy AND 
Dry-Buts TEMPERATURE FOR STILL AND Movinc Air 





Ber eae 





XUM 














Heat AND Motsture Losses FROM THE Bopy, HoucHtTeN, TEAGUE,MILLER,YANT 257 










































































































°Ffohr 
£ io od . ° ° io io 130° 
ahs - A AR A A af . feet ae baa Mash aaiterashautty 
HoH ‘20% IH 38S") 1 | | || PEELE EEE esa 
oY ettatenteit HEHEHE @ 
bee sees BSH ages! EH ao 
: f acer cebeedaituscitsteeesteneateteat aime 
y y at jaeaeEe | Seas! ro: Sg 
“eS BSE eS 
e NSH EE 
S oo tH aomamess RON og 
5 Ct ach iseeeeeeen! +200 = 
oY See 
i + ti bn . HH +4 Et 
v | ‘ ue a SaeRS 
tH tail nares EM & 
2 Hi HHttHtHtHe 8 
§ goo Lge Gas i} -O ; 
i LEEPER HHHHHHE® 
. SGSSeeeeeeas ! eheeeunud Py & 
g Secceuaaes: He 8 
ped 4 $4} 14 } ae : 
} eee eeeecs | : RHE Pies 
[ | AS SOaRRES SE. st TINT PWR ROR ag 
Seer FANE HHHE 
Hy SSRSeenenel : | - 
cot CO Coot HH HtttHhsag 






























































a 2° 16° 20° 2° 28° 32° J6° 40° 44° 4° 52° 
Ory Butb Temperature °C. 
Fic. 16. RELATION BETWEEN Heat Loss rromM THE HuMAN Bopy sy RADIATION 


AND CONVECTION AND Dry-BuLtB TEMPERATURE FOR STILL AND MoviNG AIR 
Fan 


+++ pth tot 


















ht 

++j i) Jott +++ 
Jijil ty tt tty 
BRR ESEeEe wt ee aEBuE 
SSSSSSSSSeR Re eeeeeenl 
bpp tt ; py 

b+ bet +4 ++ 

rt t+ 

1500-+ Soecees 

+} 

tt 

rT 

rT 

tt 

aa 

bt 


Smati Catories per Sq Meter per Min 


Gram @ BTU loss per Hr tor Average Man C/9§ 30 ft.) 





at ry 
Drv Bulb Temperature °C. 
Fic. 17. Heat AND Weicut Loss sy EvaporaTION 


A—From body surface and respiratory tract for 20% relative humidity and still air. 
B—From body surface and respiratory tract for 20% relative humidity and 235 fpm vel. 
C—From body surface and respiratory tract for 20% relative humidity and 385 fpm vel. 
D—From body surface and respiratory tract for 95% relative humidity and still air. 
E—From body surface and respiratory tract for 95% relative humidity and 235 fpm vel. 
F—From body surface and respiratory tract for 95% relative humidity and 385 fpm vel. 
G—From respiratory tract 20% relative humidity and still air. 

H—From respiratory tract 95% relative humidity and still air. 
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Data and Results 


Fig. 6 gives the heat production in calories per minute per square meter of 
body surface, and also in Btu per hour for an average sized man, piotted against 
effective temperature. Individual symbols distinguish the tests at different reia- 
tive humidities. Curves are shown for 20 per cent and 95 per cent relative 
humidity and also for the average of all tests. 


It is a recognized physiological fact that all metabo.ic processes inciuding res- 
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Fic. 18. Retation or Heat Loss rrom THE HUMAN Bopy at 55 F 
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piration, heat production and heat dissipation are closely related to body surface 
area. This is accounted for by the fact that the main function of such metabolic 
processes is the control of production and dissipation of heat in order to maintain 
temperature equilibrium in varying atmospheric conditions. For man or any 
species of animal with a given degree of clothing or natural insulation (hair, fur 
or hide) heat loss and, therefore, metabolic processes are functions of the surface 
area of the body. 


The heat production and loss values were first determined and plotted in units 
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of small calories per minute per square meter of body surface in accordance with 
accepted practice of the physiologist. For this purpose body surface area is 
taken from weight and height in the chart, Fig. 7, as given by Du Bois*® and 
translated into English units. Heat production and loss in English units are 
given at the right hand side of the charts in Btu per hour for “a unit of surface 
area equal to that of an average-sized man,” that is a 150 lb man, 5 ft 8 in. in 
height having a surface area of 19.5 sq ft or 1.81 sq m. The curves in Fig. 8 
give the rate of heat loss per unit surface area and the total heat loss for each 
*Fanr- 
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Fic. 19. Retation or Heat Loss rromM THE HuMAN Bopy at 65 F 
EFrrective TEMPERATURE AND Dry-BuLB TEMPERATURE 


of the seven subjects entering the tests. There is much less variation in the 
curves for the seven men when heat loss per unit area of surface is plotted. 
The total heat loss in calories per minute per square meter of body surface and 
also for a body surface equal to that of an average man is plotted against effec- 
tive temperature for all the subjects at several relative humidities in still air in 
Fig. 9. Tests at different relative humidities are indicated by different symbols. 
Heat loss by radiation and convection and by evaporation, respectively, are 
plotted against dry-bulb for all subjects in Figs. 10 and 11. The sensible and 
latent heat losses from the respiratory tract are also given. The latent and 
sensible losses from the respiratory tract were calculated from the weight, tem- 
perature and moisture content of the inspired air, and the temperature and 
degree of saturation of the exhaled breath as determined in this investigation. 
Figs. 12 and 13 give composite pictures of total heat loss, and loss by radiation 


1 See Bibliography, p. 267. 
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and convection and by evaporation for two extremes of relative humidity. They 
also serve to demonstrate that heat loss by radiation and convection and by evap- 
oration vary with relative humidity for the same effective temperature, .or heat 
loss by radiation and convection and by evaporation are not functions of effective 
temperatures. Figs. 10 and 11 on the other hand show that within the range of 
practical application, heat loss by radiation and convection and by evaporation 
are functions of dry-bulb temperature. ' 

Average curves giving total heat loss for all subjects, plotted against effective 
temperature for still air and for air velocities of 235 and 385 fpm, and for rela- 
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Fic. 20. Retation or Heat Loss rrom THE HuMAN Bopy at 75 F 
ErrectivE TEMPERATURE AND Dry-BuLB TEMPERATURE 


tive humidities of 20 and 95 per cent are presented in Fig. 14. The same curves 
are plotted in Fig. 15 against dry-bulb temperature. A comparison of the curves 
in these two figures demonstrates that total heat loss is a function of effective 
temperature for all relative humidities and for still and moving air rather than 
of dry-bulb temperature. The small divergence of the curves at low tempera- 
tures when plotted against effective temperature in Fig. 14 is no greater than 
might be expected, due to experimental error. 

Total heat loss by radiation and convection and by evaporation, respectively, 
are given in Figs. 16 and 17, still air and air velocities of 235 and 385 fpm and 
for 20 per cent and 95 per cent relative humidity. Fig. 17 also gives the weight 














Pua 


oti 


pe aE SPER IES ESR SE TUS 31) 


Tote ae 





XLINMA 


Heat AND MotstureE Losses FROM THE Bopy, HOUGHTEN, TEAGUE,MILLER,YANT 261 


loss by evaporation in grains per hour in a scale at the right-hand side of the 
chart. Curves are given for latent loss from the respiratory tract and weight 
loss from the entire body by other than evaporation. 

Figs. 18, 19, 20 and 21 give the total loss and the loss by radiation and convec- 
tion and by evaporation for varying dry-bulb temperatures along the 55, 65, 75 
and 85 F effective temperature lines in still air. Besides giving a picture of 
variation of heat loss along the effective temperature lines chosen, these charts 
also serve to show the variation of dry-bulb temperature and relative humidity 
with constant effective temperature in different regions of the psychrometric 
chart. 

A consideration of the heat production and total heat loss curves in Figs. 6, 


9, 14 and 15 shows that heat production and loss are functions of effective tem- 7 
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perature for both still and moving air. Heat loss increases with fall in tempera- 
ture below the comfort line, 65 F, as one would expect from the greater tempera- 
ture difference between the body and air. The body compensates for this greater 
loss by an increase in heat production in order to maintain temperature equilibri- 
um of the body at 98.6 F. In the tests here reported heat production does not 
entirely compensate for heat loss until a temperature of 80 F is reached with the 
result that there is a slight fall in body temperature which may, however, be 
due to decrease in muscular activity of the subjects upon entering the test rather 
than upon the test condition. From 65 F effective temperature to 87 F effective 
temperature heat production and loss are nearly constant. Above this tempera- 
ture range heat production increases slightly while total heat loss falls off with 
increasing rate until it becomes zero at an effective temperature about 4 deg 
above normal body temperature. 


Heat loss by radiation and convection is a function of dry-bulb temperature 
depending upon the difference between body and air temperature. As this differ- 
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ence decreases heat loss by radiation and convection decreases and becomes zere 
when the dry-bulb temperature of the air and surrounding objects and the tem 
perature of the body are the same. For higher temperatures there is a reversa. or 
heat is transferred from the air to the body. Air movement increases the heat ex- 
change between the body and air by radiation and convection as measured. Ac- 
tually, heat loss by radiation is not affected by air motion except in so far as skin 
temperature may be lowered. For either still or moving air heat loss by radia- 
tion and convection is largely in accordance with the physical laws of heat trans- 
fer and is little affected by physiological control. 

If the true average temperature of the exposed surface of the clothed body 
were known it should be easy to formulate a law for the transfer of heat between 
the body and the air. Such a law would be expressed by an exponential equation 
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of the form H = M (t, —t,)® or Log H = Log M + B Log (1, —t,) 


where H = the rate of heat transfer per unit area. 
M and B = constants depending on conditions of body surface and 
surroundings. 
(t, —t,) = temperature difference between body and air. 


It is difficult, however, to evaluate the effective mean ‘surface temperature of 
the clothed body because of variation of character of the surface exposed and 
the insulation or clothing worn. The only constant and fixed value is that of in- 
ternal body temperature approximately 99 F. In Fig. 22 an attempt is made to 
fit an equation of the form given above to the data substituting (body tempera- 
ture—air temperature) for (t,; —t,). Curve A is for heat transfer from air to 
body for air temperatures above body temperature. Curve B is for normal heat 
loss from the body to the air. 


Heat loss by evaporation although probably in accordance with the physical 
laws of evaporation is controlled to a great extent by physiological control of the 
availability of moisture for evaporation. Heat loss by evaporation is minimal 
for temperatures up to 65 or 73 F dry-bulb depending upon air motion. This is 
in the region where temperature equilibrium is maintained through control of 
heat production, to offset heat loss by radiation and convection. In the region 
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Fic. 23. RELATION BETWEEN ToTaL Heat Loss FROM THE 
HuMAN Bopy ANpD EFFEcTIVE TEMPERATURE 


from 65 F to 87 F effective temperature (109.5 F dry-bulb with 20 per cent reia- 
tive humidity and 88 F dry-bulb with 95 per cent relative humidity) where heat 
production is practically constant with a rapidly diminishing rate of heat loss by 
radiation and convection, the total rate of heat loss is maintained practically con- 
stant by control of evaporation through availability of moisture. From a mini- 
mum rate of heat loss by evaporation of (190 calories) 81.9 Btu per hour per 
average person at 55 F it increases to a maximum of (1570 calories) 676.7 Btu 
per hour at 96 F effective temperature and 20 per cent relative humidity. 

Air motion reduces heat loss by evaporation when the dry-bulb temperature 
is 80 to 92 F dry-bulb depending on the relative humidity. For higher tempera- 
tures air motion increases heat loss by evaporation. 








g 


8 § & 


8 


+e tty + 


3 


Tota’ ATU per (tt for Averoge Men /9$Sg ft) 
Pet ttt tt tt t+ 


8 





SSSsecesessesesssessesssst 


$444 


% 


arr "Fane 
Fic. 24. RELATION BETWEEN SeENsIBLE Heat Loss FROM 
HuMmAN Bopy AaNnp Dry-Butp TEMPERATURE FOR 
STILL AND MovING AIR 











i thane a laa in ae inthe ow 


264 TRANSACTIONS AMERICAN Society or HEATING AND VENTILATING ENGINEERS 





+tt 


a 
Tit 
= 


+ $+ 
+ 


t+ tte +t t $y 
T | 


T 


Tote! Grains of Moisture per fit for Average Mon C/95 53g ft.) 


90° 





60° 
Dry Bvlo *Fanr 


Fic. 25. RELATION BETWEEN HEAT AND WEIGHT Loss FROM THE HUMAN Bopy 
BY EVAPORATION AND Dry-BuLB TEMPERATURE FOR STILL AND MoviING AIR 


Practical Application of Heat and Moisture Loss Data 
to Air Conditioning Problems ; 


The data given in Figs. 6 to 21 of this report are of practical value to the heat- 
ing and ventilating engineer only in so far as they may be used in the solution 
of air conditioning problems. In the solution of such problems the engineer is 
interested in the total rate of heat dissipation to the atmosphere per average per- 
son and in the rate of sensible and latent heat dissipation, and also in the rate at 
which moisture is added to the atmosphere per person for all atmospheric con- 
ditions met with in practice. In the solution of certain problems it is also con- 
venient to know the percentage of the total loss as sensible and latent heat. In 
Figs. 23, 24, 25 and 26 this information is given in convenient form for practical 
application. Although total heat loss and sensible and latent heat losses are not 
exact functions of effective and dry-bulb temperature, respectively, for all con- 
ditions of humidity and air motion, they are plotted as such in the curves. This 
is accomplished by approximations not always rigidly accurate but sufficiently 
so for application in most practical problems. 

The sensible and latent heat loss curves for different air velocities in Figs. 24 
and 25 are the result of approximations and extrapolations of the data contained 
in Figs. 6 to 21 and may not be rigidly accurate. However, since the total effect 
of air velocity on these losses is never very great, the approximation shown is 
probably sufficiently accurate for practical application. 

With these precautions the data contained in Figs. 23 to 26 are offered for the 
use of the engineer in solving most of his practical problems. In some instances, 
however, in particular cases where extreme accuracy is desired, the variation in 
the data for different atmospheric conditions as given in Figs. 6 to 21 must be 
taken into consideration. 
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Typical uses of these data are given in the solution of the following prob!ems: 


Problem 1-A. How much sensible heat, how much latent heat and how much 
water vapor will be added per hour to the atmosphere of an auditorium by an audience 
of - adults, when the dry- and wet-bulb temperatures are 75 F and 635 F, respec- 
tively : 

B. If the dry- and wet-bulb temperature of the auditorium were 85 F and 63 F, 
respectively, how much heat and moisture would be dissipated to the atmosphere? 

Solution. Problem 1-A. From Fig. 24 find the sensible heat loss per person for 
75 F dry-bulb and still air to be 265 Btu per hour. From Fig. 25 find the latent heat 
loss per person for 75 F dry-bulb to be 134 Btu per hour and the moisture added to 
be 905 grains per hour. 1000 x 265 = 265,000 Btu sensible heat, 1000 x 134 = 134,000 
Btu latent heat and 1000 x 905 = 905,000 grains or 129 lb of water vapor will be added 
per hour to the air in the auditorium. 1 

These sensible and latent heat loss additions may also be found as follows: The 
effective temperature of the condition 75 F dry-bulb and 63.5 F wet-bulb is 70.3 F 
effective temperature. From Fig. 23 find 403 Btu as the total heat added to the air by 
a person for 70.3 F effective temperature. From Fig. 26 find the percentages of 
sensible and latent heat at 75 F dry-bulb to be 66.5 per cent and 33.5 per cent. The 
sensible heat added to the air in the auditorium is 1000 x 0.665 x 403 = 267,995 Btu 
per hour. The latent heat added is 1000 x 0.335 x 403 = 135,005 Btu per hour. 

Solution. Problem 1-B. From Figs. 24 and 25, respectively, the sensible and 
latent heat losses per person for 85 F dry bulb are found to be 164 and 225 Btu per 
hour. The water vapor added to atmosphere is 1520 grains per hour. The audience 
will then add 164,000 Btu sensible heat, 225,000 Btu latent heat and 1,520,000 grains 
or 217 lb of water vapor to the air in the auditorium per hour. 

Problem 2. Neglecting the gain or loss of heat to an auditorium by transmission 
or infiltration through the walls, windows and doors, how many cubic feet of outside 
air, with 65 F dry-bulb, 59 F wet-bulb and 63.1 F effective tempesature must be added 
per hour to an auditorium containing 1000 people in order that the inside shall not ex- 
ceed 75 and 65 F, respectively. 

Solution. Problem 2. Figs. 24 and 25 give 265 Btu sensible heat and 905 grains 
of moisture as the additions per person with 75 F dry-bulb in the auditorium. There- 
fore 265,900 Btu of sensible heat and 905,000 grains of moisture will be added to the 
air in the auditorium per hour. 

Taking 0.24 as the specific heat of air, 2.4 Btu hy of air will be required to raise 

65, 
the dry-bulb temperature from 65 to 75 F and 25 = 110,400 Ib of air or 110,400 
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TasLe 2. CoNnpDITION OF SENSIBLE PERSPIRATION FOR VARIOUS ATMOSPHERIC 





























ConDITIONS 
Gtmenpheric cna 
Degree of Perspiration* 95% R. 20% R. H. 

E. T.| D. B.| W. B.| E. T.| D. B.| W.B 
Forehead clammy 73.0 | 73.6 | 72.4 | 75.0 | 87.0 | 60.7 
Body clammy 73.0 | 73.6 | 72.4 | 75.0 | 87.0 | 60.7 
Body damp 79.0 | 79.7 | 78.4} 81.0 | 97.5 | 67.5 
Beads on Tiedined 80.0 | 80.8 | 79.4 | 87.0 | 109.4 | 75.2 
Body wet 84.5 | 85.4 | 84.0 | 86.5 | 1085 | 74.6 
Perspiration on forehead runs and drips 88.0 | 89.0 | 87.6 | 94.0 |125.2 | 85.4 
Perspiration runs down body 88.5 | 89.5 | 88.1 | 90.0 | 116.0} 79.5 





*40 per cent of subjects registered degree of perspiration equal to or greater than indicated. 


= = 1,479,000 cu ft of air per hour will be required. This is equivalent to 
1000 x 60 = 24.7 cu ft per person per minute. 


_The moisture content of the inside air as taken from a psychrometric chart is 76 
grains per lb of dry air and that of the outside condition is 65 grains so the increase 


905, 
in moisture content will be 11.0 grains per lb of dry air. Tn = 82,300 Ib of dry 


air or approximately 83,000 Ib of air at the specified condition will , pirely This 
,112,000 
is equivalent to 83,000 x 13.4 = 1,112,000 cu ft of air per hour or jy )~7p a = 18.5 


cu ft of air per minute per person. 


The higher volume of 24.7 cu ft per person per minute will be required to keep 
the dry-bulb from rising above the 75 F specified. The, wet-bulb will, therefore, not 
rise to the maximum of 65 F. 


For good ventilation the condition of the air should never be such that sensible 
perspiration will result. In connection with the collection of the data contained 
in this report observations were made on the degree of noticeable perspiration 
experienced by the subjects for different atmospheric conditions. The lowest 
degree for which 40 per cent of the subjects experienced the conditions of per- 
spiration indicated is given in Table 2 for 20 and 95 per cent relative humidity. 


Summary 

This report contains data on total heat loss, heat loss by radiation and convec- 
tion and by evaporation per unit area of body surface and also for the surface 
area of a person of average size for various temperatures, humidities and air 
velocities. It also contains data on the moisture loss and degree of perspiration. 

The relation of these losses to dry-bulb temperature, relative humidity and 
effective temperature is shown by curves and discussion. 

Charts containing the data in practical form and examples showing how it 
may be used in the solution of practical problems in air conditioning are pre- 
sented. 
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1927, pp. 38-72. 

14. Physiology and Biochemistry in Modern Medicine, C. V. Mosby Co., by J. J. 
R. MacLeod, 1926, pp. 777-780. 
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DISCUSSION 


PRESIDENT WILLARD: You have just listened to a most remarkable presenta- 
tion. In the last thirty minutes, Director Houghten, to my mind, has sum- 
marized the basic principles of the new science of air conditioning. He has 
brought up to the minute the results of many years of painstaking research, 
research conducted jointly by the U. S. Bureau of Mines, the U. S. Public 
Health Service, several universities, and this Society. 

I said in an earlier session that we are moving into a zone of complicated 
environment concerning our knowledge of the many factors affecting the prac- 
tice of the heating and ventilating engineer. You have just seen a very com- 
plicated section uncovered. Are we all going to be specialists? Have we got 
to become specialists? 


I sit here and hear the Research Staff present these advanced papers—and 
they are advanced papers—and I am wondering how many men in the Society 
are in a position to realize and understand just the significance of these results, 
and where they are leading us, where we are going. We may not like it. We 
may not enthuse over the complications that confront us in all lines of engineer- 
ing work, and in all lines of professional knowledge even outside of engineer- 
ing, but they are there; we are spending money to set up these machines, these 
staffs, these agencies to secure more knowledge, and we are getting it; we are 
getting it in.such shape that the men who study and the men who understand, 
can use it, and those men are going to surpass and are going to be successful 
in the advancement of the science of heating and ventilation. I am using the 
word science because it seems to me that finally we have something in the field 
of air conditioning which is on a scientific basis. I am amazed at the long dis- 
tance we have come in a relatively few years, as a result of the concerted efforts 
of this Society, to first establish, then maintain, and continue the work of a 
trained research staff under a full time director who devotes his entire thought 
and energy to tlie problem. 
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TABLE 2. CoNDITION OF SENSIBLE PERSPIRATION FOR VARIOUS ATMOSPHERIC 





























ConpDITIONS 
Atmospheric Cone 
Degree of Perspiration* 95% R. H. 20% R. H. 

ETD. BiW. Bi EK. T.48. BB. W. B. 
Forehead clammy 73.0 | 73.6 | 72.4 | 75.0 | 87.0 | 60.7 
Body clammy 73.0 | 73.6 | 724 | 75.0 | 87.0 | 60.7 
Body damp 79.0 | 79.7 | 78.4 | 81.0 | 97.5 | 67.5 
Beads on forehead 80.0 | 80.8 | 79.4 | 87.0 | 109.4 | 75.2 
Body wet 84.5 | 85.4| 84.0} 86.5 |1085 | 74.6 
Perspiration on forehead runs and drips 88.0 | 89.0 | 87.6 | 94.0 | 125.2 | 85.4 
Perspiration runs down body 88.5 | 89.5 | 88.1 | 90.0 | 116.0} 79.5 





* 40 per cent of subjects registered degree of perspiration equal to or greater than indicated. 


x 13.4 = 1,479,000 cu ft of air per hour will be required. This is equivalent to 
1,479,000 — 247 cut 
1000x60 — cu ft per person per minute. 


The moisture content of the inside air as taken from a psychrometric chart is 76 
grains per lb of dry air and that of the outside condition is 65 grains so the increase 


905,000 
in moisture content will be 11.0 grains per lb of dry air. No = 82,300 Ib of dry 


air or approximately 83,000 lb of air at the specified condition will a, mrs This 


112,000 
is equivalent to 83,000 x 13.4 = 1,112,000 cu ft of air per hour or j—;,~7Zp a = 18.5 


cu ft of air per minute per person. 


The higher volume of 24.7 cu ft 3 person per minute will be required to keep 
the dry-bulb from rising above the 75 F specified. The. wet-bulb will, therefore, not 
rise to the maximum of 65 F. 


For good ventilation the condition of the air should never be such that sensible 
perspiration will result. In connection with the collection of the data contained 
in this report Observations were made on the degree of noticeable perspiration 
experienced by the subjects for different atmospheric conditions. The lowest 
degree for which 40 per cent of the subjects experienced the conditions of per- 
spiration indicated is given in Table 2 for 20 and 95 per cent relative humidity. 


Summary 


This report contains data on total heat loss, heat loss by radiation and convec- 
tion and by evaporation per unit area of body surface and also for the surface 
area of a person of average size for various temperatures, humidities and air 
velocities. It also contains data on the moisture loss and degree of perspiration. 

The relation of these losses to dry-bulb temperature, relative humidity and 
effective temperature is shown by curves and discussion. 

Charts containing the data in practical form and examples showing how it 
may be used in the solution of practical problems in air conditioning are pre- 
sented. 
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DISCUSSION 


PRESIDENT WILLARD: You have just listened to a most remarkable presenta- 
tion. In the last thirty minutes, Director Houghten, to my mind, has sum- 
marized the basic principles of the new science of air conditioning. He has 
brought up to the minute the results of many years of painstaking research, 
research conducted jointly by the U. S. Bureau of Mines, the U. S. Public 
Health Service, several universities, and this Society. 


I said in an earlier session that we are moving into a zone of complicated 
environment concerning our knowledge of the many factors affecting the prac- 
tice of the heating and ventilating engineer. You have just seen a very com- 
plicated section uncovered. Are we all going to be specialists? Have we got 
to become specialists? 

I sit here and hear the Research Staff present these advanced papers—and 
they are advanced papers—and I am wondering how many men in the Society 
are in a position to realize and understand just the significance of these results, 
and where they are leading us, where we are going. We may not like it. We 
may not enthuse over the complications that confront us in all lines of engineer- 
ing work, and in all lines of professional knowledge even outside of engineer- 
ing, but they are there; we are spending money to set up these machines, these 
staffs, these agencies to secure more knowledge, and we are getting it; we are 
getting it in.such shape that the men who study and the men who understand, 
can use it, and those men are going to surpass and are going to be successful 
in the advancement of the science of heating and ventilation. I am using the 
word science because it seems to me that finally we have something in the field 
of air conditioning which is on a scientific basis. I am amazed at the long dis- 
tance we have come in a relatively few years, as a result of the concerted efforts 
of this Society, to first establish, then maintain, and continue the work of a 
trained research staff under a full time director who devotes his entire thought 
and energy to the problem. 
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That is the only way we will make progress, by concerted effort on a definite 
program, with a director who is giving his full time and attention to the prob- 
lem in hand. It seems to me that the Research Staff should be congratulated 
on what it has accomplished. 

G. L. Larson: I feel that this is one of the most valuable papers that has 
ever been presented before this Society. There is one question that I would 
like to ask Mr. Houghten, and that is, have any studies been made .to find out 
the heat dissipation of persons doing violent exercise ? 


We have had a recent experience up at Madison that bears directly on this 
point. During the last year we built a new Memorial Union and the banquet 
hall in that building during the past semester has been used for dancing pur- 
poses. The amount of ventilation supplied complies with the state code of Wis- 
consin, but recently we have been receiving complaints that the ventilation was 
entirely inadequate. 


About a week or so ago we made some tests to find out what was taking 
place. On this particular night it was —-5 outside during the entire evening, 
and by means of a supercharger or possibly a shoe horn they had managed to 
get about 1,000 people into that dance hall, although it has only 5,000 sq ft of 
dancing surface. Now, I asked the question about violent exercise because for 
some of us dancing is violent exercise. We installed in the outgoing vent, that 
is, the foul air vent, a recording thermometer and also measured the humidity 
and the results were rather interesting. Although the ventilating system was 
operating and supplying more air than required by the state ventilation code 
the recording thermometer showed that the temperature of the outgoing air 
was going up about 2 deg per dance. At the end of the third dance, the hu- 
midity had gone from 18 to 32 per cent, and before the night was over, we were 
blowing into that room air at 39 F and still we could not keep the room tem- 
perature to 70 F. 


So there is a problem that I am very much interested in, and therefore, 
I want to ask the question, have any studies been made that would show the 
amount of heat dissipated under those conditions? 


Now, you wonder how people can dance under those conditions. Well, if 
you have been at any of the state universities lately, you will know when you 
see a dance like that going on, it is like starting a molded piece of jelly in 
motion, the top moves but the bottom does not. 

F. C. Houcuten: No study has been made at the Laboratory of the increase 
in heat loss from the body with work. It is the intention of the Committee 
that this should be studied as a part of the future laboratory program. It is 
well known that for a person working violently or walking at a high rate, the 
rate of heat production increases materially, perhaps as much as ten times. 
However, nothing is known at this time as to whether this increase in heat is 
lost by radiation and convection or by evaporation, except as we can surmise 
from the results reported today. Probably as more heat is produced and neces- 
sarily lost, radiation and convection loss is not much affected, but evaporation 
loss increases so as to account for the increase in the total. 

Proressor Larson: I might say these were rough calculations. We did not 
know what rate to use as the heat given off per person. We used about 550 
Btu’s; on this basis the heat given off by the crowd was over twice the heat 
loss of that room when it was —5 F outside. 
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THE SUMMER COMFORT ZONE: CLIMATE 
AND CLOTHING’ 


By C. P. Yacirou* anp Pump Drinker,’ Boston, Mass. 
MEMBERS 


INTRODUCTION 


N a previous paper (1), it was shown that standards of comfort, in so far as 
I temperature, humidity and air movement are concerned, are not absolute, 

but are considerably affected by climatic and other conditions. This variation 
appears to be caused by differences in the clothing worn in different climates 
and at different times of year, as well as by the adaptive physiologic changes* 
which take place in man in response to climatic changes. 

The work here described deals with the summer comfort zone as determined 
by experiments on a large group of men and women wearing customary warm 
weather clothing and engaged in sedentary pursuits. It includes also a study of 
the relation of climate and season to the type of underclothing worn. 


EXPERIMENTAL PROCEDURE 


The experiments were carried out in the psychrometric chamber of the Har- 
vard School of Public Health (2). This room is equipped with a complete heat- 
ing, ventilating and air conditioning system for maintaining the desired tem- 
perature, and humidity conditions. 


Preliminary work on the summer comfort zone was begun in July, 1926, but 
the greater part of the work was done during July, August and September of 
1927. July and August were cooler in 1927 than in other years and September 
was warmer. 

The comfort zone was determined as a result of fifteen experiments, eight of 
which were conducted with progressively increasing room temperatures, (usually 
in steps of 2 F or 3 F at a time) and the other seven with decreasing tempera- 
tures, in order that the probable optimum temperature might be approached from 
both the cool and the warm side of the zone. In this way, adaptation to diurnal 
changes in air conditions was taken into account. In the course of the fifteen 
tests, a total of 2901 votes on sensations of comfort were secured. 

In addition to these fifteen tests, four special experiments were undertaken for 
the purpose of determining the influence of room occupancy on the optimum tem- 
perature. These data are treated separately. 





1From the Department of Ventilation and Illumination, Harvard School of Public Health, 
Boston, Mass. 

2 Instructor in Ventilating and Illumination, Harvard School of Public Health, Boston, Mass. 

8 Assistant Professor of Ventilation and Illumination, Harvard School of Public Health, Boston, 
Mass. 

This is usually referred to in the literature as “changes in acclimatization.” 

Presented at the Annual Meeting of the American Society or HEATING AND VENTILATING 
Enoineers, Chicago, January, 1929. 269 
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We have adopted the same classification for sensations of comfort that was 
used in a previous study (1), viz.: 
1. Cold 
2. Comfortably cool 
3. Very comfortable 
4. Comfortably warm 
5. Too warm. 


Altogether, ninety-one subjects took part in these experiments—fifty-six men 
and thirty-five women. About half of them were summer school students or em- 
ployees of the Harvard Medical School; the other half were secured from em- 
ployment agencies in Boston. The ages of the men varied from 22 to 57 years 
and those of the women from 22 to 72 years; in both instances the majority were 
between 22 and 37 years of age. No restrictions were imposed in regard to cloth- 
ing, the subjects being requested to dress in their usual way. The majority of 
the men wore two-piece palm beach or light weight woolen suits and the women 
silk, linen or cotton dresses. 


Most of the experiments took place in the afternoon between 1:50 and 5:30 
o'clock. 


The procedure followed was approximately the same as that used in our pre- 
vious work (1), with the following exceptions: 

(a) It was found necessary in some experiments to increase the preliminary 
period allowed for adaptation from one-half to one and one-half hours, in order 
to overcome the influence of the preceding environment. 

(b) No special pains were taken to maintain definite percentages of relative 
humidity during the experiments, as it was found in previous studies (1), (3) 
that the sensations of comfort followed the effective temperature® scale closely, 
regardless of humidity. The relative humidity in the present experiments varied 
from day to day between the approximate limits of 45 and 75 per cent. 

(c) Dry and wet kata-thermometer readings were taken in all experiments. 
These data, however, will be given in another paper. 

(d) Outdoor temperatures were taken on the days the tests were made, for 
the purpose of determining the influence of outdoor temperature on the opti- 
mum temperature® indoors. 

Air movement in the psychrometric room was determined from the cooling 
powers of the dry kata-thermometer. By regulating the speed of the supply and 
exhaust fans and by manipulating dampers, the velocity of the ventilating cur- 
rent was kept between the limits of 15 and 25 fpm, as was done in the Pittsburgh 
experiments on the winter comfort zone (3). 


Data AND Discussion oF RESULTS 
The comfort votes obtained in the fifteen regular experiments are classified in 
Table 1 according to effective temperature. The upper half of the table gives the 
number of votes for each degree of effective temperature recorded in those ex- 


5 Effective temperature is an index of the sensations of warmth or cold felt in response to tem- 
perature, humidity and movement of the air. When the dry- and wet-bulb temperatures and the 
rate of air movement are known, the effective temperature can be computed from charts or tables. 
This index was determined experimentally at the Research Laboratory of the American Socisty 
or HEATING AND VENTILATING ENGINEERS. It comprises two different scales: the basic (4) for men 
stripped to the waist and the normal (5) for men normally clothed. 

The term optimum temperature is used in this paper to signify the most comfortable tem: 
perature and should be understood in this restricted sense. Since the prolonged effects of tempera- 
ture, humidity and air movement on health are not so well known as their effects on comfort, the 
optimum conditions for comfort cannot be regarded as necessarily identical with those for health, 
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periments in which the room temperature was progressively increased ; the lower 
half of the table gives the data obtained with progressively decreasing room 
temperatures. 


Sensations of Comfort in Relation to Effective Temperature 


In Figs. 1 and 2, the comfort votes are plotted in percentages as ordinates 
against effective temperature as abscissas, for increasing and decreasing room 
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Fic. 1. SENSATIONS oF Comrort IN RELATION TO EFFEC- 
TIVE TEMPERATURE. OBSERVATIONS WITH INCREASING Room 
TEMPERATURE 

(1 = cold; 2 = comfortably cool; 3 = very comfortable; 
4 = comfortably warm; 5 = too warm; 6 = sum of 2, 3 
and 4.) 
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temperatures, respectively. The graphs in these two figures are similar and show 
an optimum temperature of 70.5 F effective temperature, a cold limit of 63.5 F to 
64.5 F effective temperature, and a warm limit of 78.5 F to 79.5 F effective 
temperature. The coincidence of these values in Figs. 1 and 2 is significant, be- 
cause it indicates that the diurnal adaptation to changing air conditions has 
been sufficiently allowed for by our experimental method. 

Fig. 3 shows the combined data of Figs. 1 and 2, from which the limits of 
the comfort zone and the optimum temperature for summer conditions can be 
taken, as follows: 

Probable cold limit 


Probable optimum 70.5 F 
Probable warm limit 79.0 F 


The curves in Figs. 1, 2 and 3 are of the asymmetric frequency type and, on that 


Effective Temperature 
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account, the optimum temperature does not fall in the middle of the zone but is 
nearer to the cold limit. This observation is thoroughly in accord with the re- 
sults of previous work in determining comfort zones (1, p. 257), (3, p. 373). 
The skewness of the curves may possibly be attributed to the fact that, owing 
to our custom of protecting the body by clothing and artificial heat, the chemical 
regulation of body heat (i. e. by increase in metabolism) is less well developed 
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Fic. 2. SENSATIONS OF CoMFrort IN RELATION TO EFFEC- 
TIVE TEMPERATURE. OBSERVATIONS WITH DECREASING 
Room TEMPERATURE 
(1, 2, etc., as in Fig. 1.) 
than the physical regulation (7. e. by sweating) ; in consequence we are better 
capable of perceiving sensations of cold than of heat. 


Diurnal and Monthly Changes in Outdoor Temperature in Relation to Optimum 
Indoor Temperature 

In order to make crowded places comfortable during warm summer weather, 
American ventilating engineers have adopted the practice of maintaining indoors, 
by means of refrigeration, a dry-bulb temperature 8 deg to 15 F lower than 
that prevailing out of doors. Their chief purpose is not so much to reduce 
the temperature to the optimum degree as to maintain a reasonably comfortable 
temperature and, at the same time, avoid causing sensations of chill or of intense 
heat in entering and leaving the building. 

This practice is justified in many crowded public buildings where the patrons 
spend a comparatively short period of time, According to our experiments, how- 
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TasLe 2. DiurNAL AND AVERAGE MONTHLY OvutTpooR TEMPERATURE IN RELATION 
to OrprimuM INpDooR TEMPERATURE 








Probable Monthly Average 
Prevailing Optimum Number Outdoor Dry-Bulb 
Outdoor Effective o Temperature 
Dry-Bulb Temperature Obser- (Boston, Mass. 
Temperature (Indoors) vations Month 
F F F 
99-90 70.2 84 July 70.5 
89-80 70.9 91 August 67.4 
79-70 70.4 109 September 65.0 
below 70 oe ee ee September 65.0 




















ever, it is not adequate for indoor exposures of one and one-half hours or more 
—for offices, residences and the like. This may be seen from Table 2, where the 
optimum temperature is classified in four groups, according to the out-of-door 
temperature. There seems to be no significant relationship between the two, since 
the optimum temperature in July, August and September remained practically 
the same, in spite of the fact that the outdoor temperature actually varied from 
99.5 to 70 F. When the outdoor temperature was below 70 F when 66 F was 
registered—the optimum temperature did drop slightly, as shown in the table, 
but too much stress must not be laid upon this circumstance because of the 
limited number of observations, all made in the course of a single experiment. 
Nevertheless, it is clear that 70 F or slightly less, is the lowest summer or winter 
temperature to which people in the United States are adapted in their living 
and working quarters. It may be taken as the temperature above and below 
which significant changes in adaptation and clothing are to be expected. 


A much more striking correspondence becomes apparent in comparing changes 
in optimum temperature with changes in the average monthly outdoor tempera- 
ture. It will be seen from Table 2 that the latter varied by only 5.5 F from July 
to September, and it is probably for this reason that the optimum temperature 
changed so little. The human body cannot, as we have shown elsewhere (1, p. 
257), adapt itself readily to changing temperature conditions, but it probably 
follows the law of averages. The transitory changes in outdoor temperature 
are only partially felt indoors, because they are mitigated to a considerable ex- 
tent by passage through buildings. The result is that we become adapted to an 
indoor temperature which is more equable than that out of doors and which, dur- 
ing the summer season, runs parallel with the mean outdoor temperature. Diurnal 
changes in outdoor temperature, therefore, may be assumed to affect the opti- 
mum indoor temperature, in so far as they modify the mean seasonal tempera- 
ture. 


Badham and others (6, p. 57), in a study of atmospheric conditions in theaters 
in Sydney, New South Wales, Australia, also conclude that diurnal differences 
between indoor and outdoor temperature have no apparent influence on sensa- 
tions of comfort, so long as the other physical conditions remain the same. 


Seasonal Variation in Comfort Zone 


The influence of season on the comfort zone can be observed from Table 3, 
where the summer zone limits are compared with those found in winter for sub- 
jects wearing customary indoor winter clothing. Before proceeding with the 
discussion, it should be made clear that the zone limits given in the table include 
the entire range of air conditions voted as cold or warm by all the subjects. The 
data on the winter zone were obtained from the original report (3, p. 371, Fig. 
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Taste 3. SEASONAL VARIATION IN COMFORT ZONE 















































Effective Temperature (F) Dry-Bulb Temperature (F) 

Cintas (Normal Scale) (Relative Humidity 50 Per Cent) 
Zone Probable b Probable| Width | Probable Probable| Width 

Cold | Probable) “Warm of Cold | Probable} Warm of 

Limit |Optimum) [Limit | Zone | Limit |OPtimum) Limit | Zone 

Summer 64.0 70.5 79.0 15.0 67.5 75.7 86.8 19.3 
___Winter_ 60.0 | 66.0 | 74.0 | 140 | 626 | 70.0 | 80.0 | 17.4 
Difference | 40 | 45 | 50 | 10] 49 | 57 | 68 | 19 





9) and the effective temperature was converted from the basic to the normal 
scale. Table 3 shows that the summer zone is 1 deg effective temperature wider 
than the winter zone and that it has shifted to higher temperatures. The probable 
cold limit rose from 60 F in winter to 64 F effective temperature in summer, the 
probable optimum from 66 F to 70.5 F effective temperature, and the probable 
warm limit from 74 F to 79 F effective temperature. Corresponding increases in 
dry-bulb temperature, when the relative humidity is constant at 50 per cent, are 
shown in the right half of the table. We ascribe this variation partly to adapta- 
tion to seasonal weather and partly to differences in the clothing worn in the 
two seasons, as we stated previously. 


Vernon (7, p. 394) observed, by means of the kata-thermometer, similar sea- 
sonal changes in British factories. He found that, in order to produce a given 
sensation of air movement, it was necessary to have a dry kata cooling power of 
about 1 millicalorie per square centimeter per second higher in winter than in 
summer. This difference he attributes chiefly to acclimatization. 


Badham and others (6, pp. 59 and 56) who used Vernon’s method in their ob- 
servations in the Sydney theaters, found little difference between the kata cooling 
power required to produce a given sensation in winter and that required in 
summer, but they did observe considerable seasonal change in sensations of air 
movement. Their results were secured chiefly from the subjective sensations of 
two investigators, and this was also true of Vernon’s experiments. 


Influence of Room Occupancy on Optimum Temperature 


The greater part of our experiments were carried out with about fourteen 
people in the test chamber. The gross floor area per occupant was 25 sq ft and 
there was an air space of about 220 cu ft per person. Allowing for aisles and 
equipment, the net floor area per occupant was reduced to 11.5 sq ft. This condi- 
tion is comparable to that found in uncrowded lecture and recitation rooms. 
When the number of occupants was reduced to eight, there was no appreciable 
difference in the results; when the number exceeded twenty, however, the com- 
fort votes were noticeably affected. 


In order to obtain a quantitative measure of this effect, we conducted four spe- 
cial experiments, two with eight subjects in the psychrometric room and the 


. other two with the same eight subjects and seventeen others in addition, so that, 


with a total of twenty-five persons, the room was reasonably crowded. In all 
four tests, the room temperature was adjusted to the point of maximum comfort 
for the original eight subjects, according to their votes, and the relative humid- 
ity was kept at about 60 per cent. 

Table 4 gives the average results. The probable optimum effective temperature 
for the eight subjects was 70.8 F when the gross floor area per occupant was 
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44 sq ft and the air space per occupant 380 <u ft; it was 69.4 F when the floor 
area was 14 sq ft and the air space 120 cu ft per person. The difference is about 
1.5 F in both dry-bulb and effective temperatures. The cause of this difference 
is obvious. In the more crowded room, the heat loss by radiation from the bodies 
of the subjects to the walls and other surroundings was reduced on account of 
counter radiation between subjects in close proximity. A lower air temperature 
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Fic. 3. SENSATIONS OF CoMFoRT IN RELATION TO EFFECTIVE 
TEMPERATURE. SUMMATION OF Data IN Fics. 1 AND 2 
(1, 2, ete., as in Fig. 1.) 


was therefore required for comfort, in order to offset the decrease in the heat 
loss by radiation through an increase in the heat loss by convection. 

According to these data, one would expect to find a lower optimum temperature 
in auditoriums and schoolrooms than in residences, offices and the like. Although 
this is probably true for the winter season, in summer an additional factor must 
be considered. People entering a room from the outside in warm weather are 
often in an overheated condition and the evaporation of moisture from their damp 
clothing may produce a cooling effect which more than offsets the decrease in 
optimum temperature due to crowding. 


Comfort Chart 

Fig. 4 shows the effective temperature chart developed at the Pittsburgh 
laboratory (3, p. 372, Fig. 10) with the summer and winter comfort zones 
superimposed upon it. The variation in the sensations of comfort within this 
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zone is indicated by comfort scales. The scale values for the summer comfort 
zone were obtained from Graph 6, Fig. 3, of this paper and those for the winter 
zone from Graph 6, Fig. 9, of the Pittsburgh report (3, p. 371), after converting 
the scale of effective temperature from the basic to the normal. 


Given the dry- and the wet-bulb temperatures, the effective temperature is 
found and the probable comfort of the condition determined by referring to the 
proper comfort scale. This chart is applicable for air movements between 15 
and 25 fpm. Unfortunately, we have as yet no accurate data on the thermoequiva- 


TABLE 4. INFLUENCE oF Room OccuPpANCY ON OpriMUM TEMPERATURE 








Most 








Number Floor Area “ Probable y 
of Sub- per Air Space — Relative | Optimum | Outdoor Panne baal 
age in Occupant oO per Dry-Bulb Humid- ae Temper- (8 Control 
est iccupant : ity emper- ature ; 
Chamber | Gross| Net ow ature Subjects Only) 
Sq Ft | Sq Ft Cu Ft F Per Cent F F 
8 oo 20.5 380 75.0 70.8 77.0 179 
25 14 | 75] 120 73.4 59 69.4 81.9 164 





























lent conditions of temperature, humidity and air movement for velocities between 
25 and 150 fpm. Although such data have, in the past, been estimated by inter- 
polation from observations which actually covered velocities of 15 to 25, 150, 300 
and 500 fpm (5), recent unpublished observations made in this laboratory indi- 
cate that this interpolation is inaccurate and that the region of air velocities 
between 20 and 150 fpm needs special study. 


These comfort zones are not applicable where climate, clothing and heating 
standards differ substantially from those under which the zones were determined. 


CLIMATE AND CLOTHING 


A discussion of optimum temperature conditions would be incomplete without 
considering the factor of clothing, since this, too, is primarily concerned with the 
regulation of body heat. Climate, of course, largely determines the kind and 
amount of clothing worn, but its effects are modified to some extent by artificial 
control of the indoor atmosphere and by national customs and fashions. Differ- 
ences in international comfort standards may be attributed in part to differences 
in these two factors—climate and clothing. 


In order to study the relationship between climate and clothing, we secured 
data on the types of underclothing sold in the cold and warm seasons throughout 
the populous sections of the United States. In order to increase the number of 
observations for cold weather, we included in our list a few Canadian cities also. 
This information was secured from eighty men’s clothing stores in thirty different 
cities (Table 5). The cold season was considered to extend from November 1 
to May 1 and the warm season from May 1 to November 1. The types of under- 
wear were classified as follows: (a) pure wool, (b) wool and cotton, (c) medium 
weight cotton, and (d) light-weight cotton. Table 5 also gives the seasonal out- 
door temperature, humidity and wind velocity for each city as averaged from 
the records of the United States Weather Bureau. The temperatures given are 
the averages for the last fifty-five years. The humidity and wind velocity figures 
are the averages for the year 1925 alone, but are probably a fair representation. 


¢ 
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In Fig. 5, the data from Table 5 are plotted in four separate graphs, showing 
the percentage of tne four kinds of underwear sold in the different localities 
according to their seasonal outdoor temperatures. Although comparatively little 
woolen underwear is sold in the United States even in cold weather, a definite 
relationship appears to exist between the mean outdoor temperature and the kind 
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Fic. 4. Errective TEMPERATURE CHART WITH CoMForT ZONES SUPERIMPOSED 


of underclothing worn by the majority of people, regardless of season. Thus, 
pure wool is popular only in localities where the average winter temperature falls 
below 20 F ; in cities where the winter temperature varies between 20 F and 37 F, 
wool and cotton mixtures are worn by the majority; in warmer cities, where the 
winter temperature is from 38 F to 50 F, medium weight cotton is widely used; 
when the average temperature exceeds 50 F, whether in summer or in winter, 
the greater part of the underwear sold is of the light weight cotton variety. 
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To take the city of Boston as an example, the percentages of the different 
weights of underwear sold there in the cool and warm seasons are as follows: 

















Wool and Medium 
Pure Cotton Weight Light Weight 
Season Wool Mixtures Cotton Cotton 
Per Cent Per Cent Per Cent Per Cent 
Cool (35.5 F) 10 40 33 17 
Warm (63.7 F) 2 5 18 75 











These values have been taken from Fig. 5 and agree as closely as can be expected 
with those given in Table 5. According to these curves, the representative kinds 
of underwear sold in Boston are wool and cotton mixtures in the cold season and 
light weight cotton in the warm season. 


In Canada, to judge from the three Canadian cities included in Table 5, it 
appears that there is an appreciably greater percentage of woolen underwear 
purchased in summer than in cities in the United States where the same or lower 
summer temperatures prevail. 

All four curves in Fig. 5 are of the same general type; they are asymptotic to 
the temperature axis, indicating that some wool and some light-weight cottons are 
worn at all seasons, no matter what the temperature may be. All four curves 
show fairly well defined model regions which represent, approximately, the most 
popular types of underwear for the specific climates. 

The average humidity and wind velocity of the localities included in our study 
seem to have no noticeable influence on the type of underclothing worn. 

The seasonal changes in clothing are not, of course, confined to underclothing. 
We obtained no data on outer clothing from the clothing stores, but, to judge 
from the practice of our experimental subjects, the seasonal changes in outer 
clothing are at least as significant as changes in underwear. Thus the greater 
number of our men subjects wore two-piece palm beach or light weight woolen 
suits in summer and medium weight woolen or woolen mixtures in winter. 

Several of the firms submitting data were of the opinion that the increasing 
use of the closed and heated automobile and the better heating facilities in living 
and working quarters accounted for the reduction in the amount of woolen un- 
derwear sold today, as compared with that sold ten or twenty years ago. 


Influence of Climate, Clothing and Heating Methods upon Comfort Standards 


A comparison between the American seasonal optimum temperatures and those 
found by Vernon in England (7, p. 395, Table 2) shows that the American 
people prefer, in winter and in summer, indoor dry-bulb temperatures (Vernon 
gives no wet-bulb readings) which are about 8 F higher than those considered 
comfortable in England. In this comparison, we have assumed that Vernon’s 
two investigators, on whose sensations his data rested, are.representative of the 
average sedentary person in England and that Vernon’s sensations of medium 
air movement are comparable to our sensations of comfort. 

We ascribe this difference in comfort standards in part to the differences in 
clothing worn in the two countries. As we have pointed out, little woolen under- 
wear is used in the United States even in cold weather; in England, we believe 
the contrary is true: woolen underclothing is commonly worn in winter and some 
prefer it in summer also, in spite of the fact that the English climate is, in 
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general, milder than ours. Hill and Campbell (8, pp. 111 and 117) make these 
observations: “In this country (referring to England) the average person is 
generally dressed unsuitably for the heat of summer, when sometimes the condi- 
tions are tropical. . . . It is not surprising that deaths from heat stroke occur, 
seeing that in many cases winter clothing is worn. While in tropical climates 
civilized man often removes his coat in public on excessively warm days, such 
an event is very rare in London on a similarly oppressive day. Habit and fashion 
rule, and not the subject’s feelings.” 

According to Fig. 5, the representative types of underclothing worn in those 
parts of the United States where the climate is comparable to that of England 
are medium weight cotton in winter and light weight cotton in summer. 

In making our comparisons, we must not forget that both outdoor and indoor 
atmospheres in England are generally more humid than ours, on account of the 
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moist climate and the fact that the air entering the buildings does not have to be 
heated through such a wide range as it does in our colder climates. Under these 
conditions, woolen underwear is preferable to cotton. 

Adaptation to climate is also an important factor. The intense summer heat 
to which people in the greater part of the United States are accustomed causes 
them to require a higher temperature in winter; whereas the intense cold of 
winter is largely mitigated by artificial heating indoors. Moreover, adaptation 
to high temperatures may continue during the heating season, on account of the 
overheating of rooms in mild weather. This condition results, not so much 
from choice, as from the circumstance that, owing to the changeableness of the 
American climate, the heating systems have to be designed with ample capacity 
for making buildings reasonably comfortable during the coldest weather. With 
the ordinary house heating systems, especially with those using steam as the 
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heating medium, it is difficult to prevent overheating in autumn and spring and 
in mild winter weather. 

In England, adaptation during the winter season works in just the opposite 
manner. The heating facilities there are not, as a general rule, so adequate as 
ours, because there is less need for elaborate systems in their climate. Conse- 
quently the English people become accustomed to cooler room temperatures, 
which they partly offset by appropriate clothing. 

The difference in heating methods employed in the two countries introduces 
another factor which merits consideration. With the representative English 
radiant heating systems, such as coal and gas fires, rooms feel comfortable at a 
lower air temperature than they do when heated by the American convection 
methods—steam or hot water radiators and warm air systems. Vernon gave 
evidence of this (9, p. 56) when he found that rooms heated by coal and gas 
fires felt comfortably warm at a temperature 7 deg cooler than similar rooms 
heated by convection methods. 


SUMMARY 


The summer comfort zone for men and women in the United States wearing 
customary warm weather clothing has been found to lie between 64 F and 79 F 
on the effective temperature scale. The probable optimum is 70.5 F effective 
temperature. On the average, these values are about 4.5 F effective temperature 
higher than those found in winter, when customary winter clothing was worn. 
The difference is ascribed to adaptation to seasonal weather as well as to seasonal 
variation in the clothing worn. ; 

A definite relationship is shown to exist between the seasonal outdoor tempera- 
ture and the kind of underclothing worn. Pure woolen underwear is popular 
only in those localities of the United States in which the average winter tempera- 
ture falls below 20 F; wool and cotton mixtures are preferred in cities having 
winter temperatures between 20 F and 37 F; in warmer cities, where the tem- 
perature ranges from 38 F to 50 F, medium weight cotton is worn by the major- 
ity; when the average temperature exceeds 50 F, whether in summer or in 
winter, the greater part of the underclothing worn is light weight cotton. 

The optimum temperature was found to follow the average monthly outdoor 
temperature more closely than the prevailing outdoor temperature. It remained 
at approximately the same value in July, August and September, probably be- 
cause the average monthly temperature did not vary much, although the prevail- 
ing outdoor temperature ranged from 70 F to 99.5 F. A decrease in the optimum 
temperature became apparent only when the prevailing outdoor temperature fell 
to 66 F, which is below the customary room temperature in the United States 
for summer and winter. 

Crowding the experimental chamber lowered the optimum effective tempera- 
ture from 70.8 F when the gross floor area per occupant was 44 sq ft and the air 
space 380 cu ft to 69.4 F when the floor area was reduced to 14 sq ft and the air 
space to 120 cu ft per occupant. 

For practical use, the summer and winter comfort zones were superimposed 
upon the effective temperature chart designed at the Pittsburgh Laboratory of 
the AMERICAN Society oF HEATING AND VENTILATING ENGINEERS. By means 
of this new chart, the relative comfort of ordinary indoor conditions can be 
determined from the dry- and wet-bulb temperatures of the air. 
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An attempt is made to explain the difference between the English and Ameri- 
can comfort standards by differences in climate, clothing and heating methods. 


We wish to express our thanks to the clothing firms which were kind enough 
to furnish us with their data. 
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DISCUSSION 


T. J. Durrretp (WriTTEN): The establishment of the summer comfort zone 
for adults normally clothed and slightly active in still air by Mr. Yaglou and 
Professor Drinker fills one of the large gaps heretofore existing in our knowledge 
of comfort reactions of human subjects under different effective temperatures. 
The Society is indebted to them for thus complementing the study earlier made 
at the Society’s Research Laboratory. 

I am not going to take the time to discuss all the meritorious features of this 
research. The report speaks for itself. One phase of the study has, however, 
not received in the past the consideration it has deserved and still offers oppor- 
tunity for more extensive study. I refer to the influence of occupancy on opti- 
mum temperature. This is a matter which involves the proportion of body heat 
lost by radiation and is probably of prime importance in providing comfortable 
air conditions in theatres, and possibly also in school rooms. The effect of 
the proximity of one’s neighbors in preventing normal body heat loss by radia- 
tion may be an important factor in the maintenance of health and comfort 
among school children. 

In the classroom, the radiant heat loss is further affected by the fact that 
one or more walls is an outside wall of the building where infiltration and 
structural heat losses create surface temperatures quite different from that 
of an inside wall. The problem is further complicated by the fact that two- 
thirds of one of the outside walls is of glass, which on the one hand does not 
offer the same resistance to the transmission of radiant heat as does a wall, and 
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on the other assumes surface temperatures which vary with the indoor and out- 
door air temperatures, the wind velocity and the rate of air movement indoors, 
as has been shown in another paper to be presented at this meeting.’ 


In this connection, I should like to call attention to a report that has recently 
been published by the Smithsonian Institution on the subject of body heat loss 
by radiation.* This study, which was made under the direction of the Secretary 
of the Institution, one of the world’s authorities on radiation and its measure- 
ment, at the suggestion of and with some financial assistance from the New 
York Commission on Ventilation, was of a preliminary nature and did not cover 
a sufficiently wide range of temperatures and humidities to establish the ratio 
of radiation to total body heat loss under various conditions. At the normal 
indoor temperature of 70 F in still air, with the subjects normally clothed and 
at rest, it was found that the proportionate heat loss by the various methods was: 


1. Radiation 46 per cent 
2. Convection 30 per cent 
3. Evaporation 24 per cent 


Increasing the air motion reduced the percentage loss by radiation both with 
human subjects and with a calorimeter on which certain clock observations 
were made. However, the importance of radiation is obvious and the desirability 
of its further study clearly indicated. 


There is some question in my mind as to the validity of the comparison of 
the winter comfort zone established in Pittsburgh in 1922 and the summer zone 
determined in Boston in 1927. I do not recall whether male or female subjects 
predominated in the Pittsburgh Study nor whether’ the proportionate representa- 
tion of the sexes was the same as in the Boston study. Although I was out 
of the country for several years before and after the Pittsburgh study, I think 
I have observed, on the part of the adult female, since my return in 1925, a 
decided tendency to wear less and less, and that more and more dependence 
has been placed on the product of the silk worm (or man’s imitation thereof) 
than on that of the sheep. 


Clothing habits among women have changed in the period between the two 
studies and as far as indoor clothing is concerned, have tended toward uni- 
formity throughout the year. Men, on the other hand, have not altered their 
customs to any degree between the two studies and many still take the seasons 
into consideration in deciding what clothes to wear. This is illustrated by 
the fact that in the Boston study some of the male subjects wore Palm Beach 
suits. All this leads to the suggestion that I have previously passed on to 
Mr. Houghten, namely, that summer and winter comfort zones for men and 
women be determined independently. This would greatly help, I am certain, 
to clear up some of the difficulties we experience in our school ventilation 
studies. It goes without saying that a study of the comfort reactions of children 
of school age and a determination of their comfort zones is necessary to com- 
plete the picture. 

In our studies of schoolroom ventilation we are confronted with the spectacle 
of a room in which the air conditions are dictated insofar as possible by the 
teacher, who, by reason of differences of age, metabolism and clothing habits, 


7 Frost and Condensation on Windows, by L. W. Leonhard and J. A. Grant, p, 295. 
®A Study of Body Radiation, L. B. Aldrich, Smithsonian Miscellancous Collections, Vol. 81, 
No. 6, Dec. 1928, 
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is comfortable at quite different effective temperatures than are the 40 or more 
pupils who share the room. It would be quite logical, I think, to create in the 
classroom conditions found most comfortable for the pupils and then let the 
teacher dress accordingly. 


In closing, I want to congratulate the authors for having collected information 
on clothing habits to explain differences in comfort reactions at different seasons 
and in different latitudes. It should be pointed out, I feel, that all the data here 
presented for the different weights of underwear are of the masculine gender. 

E. S. Hattetr (Written): This paper by Yaglou and Drinker is very 
timely. We have come to the point where we must do something more than 
learn the reaction of test individuals in a laboratory, we must meet the situation 
with requisite equipment to preserve living and working temperature conditions 
during the hot weather in most of our American cities. We have a means of 
knowing what the average man and woman thinks about it as indicated by the 
crowds that pack the great theatres two or three times every day during the 
hot weather, mostly to escape the heat everywhere else. 

These experiments disclose the fact that persons differ quite widely in their 
sense of comfort as given in Table 1, while the largest number are very com- 
fortable at 70 F to 71 F. There are many others who vote for temperatures 
from 66 F to 76 F. It is these edge bands of the wave that give us the grief 
in operating schools at the fixed temperature of 70 F. The authors do not 
mention the situation of teachers and others who live in overheated apartments 
until a high temperature habit has been formed that is far more difficult to 
break than the cigarette habit. They do not suffer from the heat. 

In these tests all other conditions but temperature, humidity and air motion 
have been eliminated as is necessary in a scientific test, yet in practice we find 
discomfort due to other things charged up against the temperature. A striking 
case recently came up in St. Louis in a one story school with a concrete beamed 
ceiling. Complaint was made of the sound reverberation, and it was mostly 
too cold at 70 F as well. Sound proof felt was installed on the beams and 
immediately all expressed surprise at the sense of warmth and comfort that 
was experienced. The thermometer readings did not change. It may appear 
that the comfort zone is composed of three elements everywhere except in a 
schoolroom. This test did not attempt that problem. 

The facts brought out in Table 3 are illuminating and valuable. The authors 
think the clothing is responsible for most of the difference. I wonder if the 
customs of the country and the mental state may not have something to do with 
the seasonal difference of comfort. 

Attention ought to be directed to the suffering and loss of efficiency occasioned 
by this country. The St. Louis schools close by rule when the outside tempera- 
ture reaches 90 F and it is apparent that useful work stops at about 80 F. It is 
easily within the facts to say that 5 per cent of the school activities of the school 
system are lost each year by high temperatures. The ultimate purpose of this 
paper must point a solution to the problem. It is an appeal to this Society. 

W. H. Carrier: One of the very interesting points in this paper which Mr. 
Yaglou gave us scarcely sufficient time on, in my opinion, in view of its im- 
portance, was the emphasis of the location of this summer comfort line, and its 
relation to the winter comfort line. I do not know how much of this is due 
to what we want to call acclimatization, and how much of it is due to the lig*:ter 
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clothing, and due to the fact that people entering air-conditioned auditoriums, 
etc., from a hot outdoor condition, are covered more or less with perspiration, 
the clothing is damp, and where there is an initial condition that is apt to be a 
little severe if the temperature is at all low. 


All of this requires, I think, as Mr. Yaglou pointed out, a higher plane of sum- 
mer temperature conditions in places of public assembly than perhaps the opti- 
mum condition which would be required for people working in an industrial 
establishment or office building for 6 or 8 hours continuously. 

The results are very interesting, and I believe very useful to the ventilating 
profession, especially those of us who are interested in securing a reasonable 
and desirable temperature in places of public assembly. 

C. P. Yactou: Concerning Mr. Carrier’s point on acclimatization, I should 
like to make clear that the most probable optimum effective temperature for 
summer, as fixed by our experiments, applies chiefly to cases in which the human 
body has reached thermal equilibrium with the surrounding air. The case is 
quite different when one enters a cool recom on a hot summer day, though the 
room may be at the optimum temperature. Immediately upon entering, one is 
liable to experience an intense chill, or the shock which Mr. Lyle discussed this 
morning. However, after about 2 hours exposure, this optimum temperature 
condition will probably be found quite satisfactory by the average person. 

In some of our experiments the subjects did not enter the psychrometric room 
immediately from the hot outdoor atmosphere, but they first spent about 20 min 
in another room, the temperature of which was between the prevailing outdoor 
temperature and the optimum temperature, at which the psychrometric room 
was maintained. Under these conditions they did not report sensations of chill 
when they entered the psychrometric room, although they said that the room 
felt cool. 


The object of cooling theaters in summer is not to reduce the temperature to 
the optimum degree, but it is to maintain therein a reasonably comfortable 
temperature, and at the same time avoid sensations of chill or of intense heat 
in entering and leaving the building. This may, possibly, be accomplished by 
keeping the auditorium at a temperature half-way between the prevailing out- 
door temperature and the optimum temperature for continuous exposure. It 
may also prove advantageous to keep the theater entrances and lobbies at a 
temperature half-way between that prevailing out of doors and that in the audi- 
torium. All these indoor conditions lie within the summer comfort zone. 

In regard to Mr. Duffield’s questions, the factors of sex, age, occupation, 
clothing, etc., they all exert an influence upon one’s sensations of comfort. For 
these reasons we have determined a comfort zone, not a comfort line, and we 
chose a group of subjects which was about the same as in the Pittsburgh experi- 
ments. Our range of air movement was also the same, as in the Pittsburgh 
experiments, namely 15 to 25 fpm, according to the Kata-thermometer. 

As to the possibility of women wearing lighter clothing in 1926 and 1927 
than in 1923, when the Pittsburgh experiments were carried out, I do not be- 
lieve that this could be of much consequence, since, in recent years, women 
have really been wearing little clothing and they probably cannot get away 
with anything less. 














Wttaae 





No. 832 


LOW HUMIDITY PSYCHROMETRIC CHARTS 


By Matcotm C. W. Tomiinson, WEsTTOWN, Pa. 
MEMBER 


relative humidity over a dry-bulb range of —30 to 170 F, and a relative 

humidity range of 0 to 15 per cent. New developments in the electrical 
industry, by which better electrical characteristics are secured through air con- 
ditioning at very low humidities, and the possibility of using the same humidi- 
ties, in any locality, to cure diseases now treated by sending patients to dry 
climates justify the effort. 

Dehumidification at low relative humidities, in the neighborhood of 10 per 
cent, have been used in the electrical industry for over three years. The success 
of this venture led investigators, during the past year, into the field of humidi- 
ties lower than 1 per cent. It is now apparent not only that hygroscopic insula- 
tion for sensitive electrical equipment can be protected best, in the process of 
manufacture, against moisture regain by this latest form of dehumidification, 
but also that much better insulation resistance, conductance and even capacity 
can thus be secured. Experience has also shown that workmen, subjected to 
these very low relative humidities, are quite free from colds. Since medical 
specialists have found it beneficial to send patients with certain types of diseases. 
especially pulmonary, to live in dry climates it is not unreasonable to predict 
that, in any climate, it will not be long before hospitals and sanitariums will be 
prepared to furnish suitable atmospheric conditions to meet the needs of a wide 
variety of diseases. This service should especially appeal to those who find 
it necessary to remain close to their business and social ties. 


At present only one psychrometric chart, the Bulkeley, can be read to the 
fraction of a per cent and, at that, only over a comparative short range on dry- 
bulb temperature. The four charts, Figs. 1, 2, 3 and 4, presented herewith, 
now make it possible to read the fraction of any per cent relative humidity below 
15 per cent and between —30 and 170 deg dry-bulb temperature on the Fahren- 
heit scale. They also supply much of the additional data usually found on such 
charts. Although the maximum relative humidity shown is quite low this dis- 
advantage is small as those who are working at very low relative humidities 
will seldom need to go above the range covered. 


~~ a Prans. A.S.H.&V.E., Vol. 32, 1926. 
Presented at the Annual Meeting of the American Society oF HEATING AND VENTILATING 
Encineers, Chicago, January, 1929. 287 


Prac CHARTS are presented which can be read to the tenth of a per cent 


































































































SAILIGINO}, MOT YOA LAVA) OIL Sq NOSNITINOL ‘| “oIg 
S 0 piety “ete oI ST 02 Sz OE 
Saree we avawares SavaWGren SverereWen .rewenrenr eS ee ee es 
“7 oo — 4 — SZ 
ae 282222 5 x 
AT Z Z ee 
ON GAA ofits 
$ LEZ LALLA ni bPes 
AAALAC “ee 
VAM ALAA Sele 
i> /% = 
IN GMI ie 
- Z She ZL LZ S 
Sy 











S 





uosuWwOo) "M‘D) WioIeW Aq —i0Z 
V/ Af 3H 2662 
/ aNSSalg WujJawWOleg ze 
AY S3ILIGINNH MOT 
7 Vie 404 
{S i ‘ 


> LYVHD DINLIWONHOASd —— ez 
V//V / fo 
«Ge es Oe Wad ae ED ES ae 


















































V 


Ry 


— 


ol 
NNN 
SSS: 
Pa 














Witase 


Low Humipity Psycurometric Carts, Matco.m C. W. ToMLINSON 289 


Many forms of psychrometric charts are available. One of the earliest was 
prepared by Prof. H. L. Parr.2 Others in more or less general use include the 
Willis H. Carrier* charts for ordinary and high dry-bulb temperatures; the 
charts of Louis A. Harding,* of William H. Grosvenor,’ of H. D. Tiemann® 
and the rather unique chart by Claude A. Bulkeley to which reference has 
already been made. This latter chart, copyrighted by the AMERICAN SocIETY 
oF HEATING AND VENTILATING ENGINEERS, is the only psychrometric chart 
which uses a form which is practically semilogarithmic. Certain advantages are 
thus obtained at the expense, naturally, of others. It might be interesting, in this 
connection to point out the main advantage of semilogarithmic charts. They 
furnish the best comparison of trends, in graphing, which can be secured where 
the various sets of statistics preserited have numerical values of different magni- 
tudes. As an example suppose the number of radiators produced each week, 
by a given manufacturer, were plotted through a period of a year and then, 
on the same chart, plot the sales in dollars. Graph forms laid out on the 
rectangular coordinate scale would not give the true trend, in this case, due 
to the fact that the average radiator costs much more than one dollar. The same 
information plotted on the semilogarithmic chart would make possible a true 
picture of how close production and sales were in step one with the other. It 
therefore seems obvious that the Bulkeley chart has a field of usefulness, in 
plotting trends, not generally realized. At the same time it is not as satis- 
factory, equivalent sizes of charts being considered, as some of the other psy- 
chrometric charts where one desires to work above 10 per cent relative humidity 
or below 50 F dry bulb. This fact, as well as the general use of the Carrier 
Charts on the part of engineers, has led the author to adopt the Carrier form. 


The basic data used are, of course, vital to the accuracy of such charts. The 
water vapor pressures used were taken from the International Critical Tables.’ 
The moisture in dry air, which has been saturated, as well as the volume at 
any given temperature per pound of dry air saturated were calculated by means 
of the thermodynamic formula: 


pu = BT where p = pressure in square feet 
v = volume in cubic feet 
T = absolute temperature 
B = gas constant — 53.34 for air 


= 85.7 for water vapor at low 
pressures. 


The volume of dry air and the total heat data were obtained in Goodenough’s 
Tables. The heat of the liquid is not included in the values charted. This is 
in keeping with the usual psychrometric chart practice. The wet-bulb tempera- 
tures were calculated by means of the latent and total heat data given in the 
Goodenough Tables. The wet-bulb lines plotted from this data will be found, 


2 Engineering Thermodynamics, C. E. Lucke, 1912. 

3 Trans. A.S.M.E., Vol. 33, 1911. 

4 Mechanical Equipment of Buildings, Vols. 1 & 2, L. A. Harding and A. C. Willard, 1917. 

5 Trans. Am. Inst. Chem. Eng., Vol. 1, 1908. 

® Forest Service Bulletin No. 104, 1912. 

7 International Critical Tables—-Vol. 3. 

® Table 6. Mixtures of Air and Saturated Water Vapor, Properties of Steam and Ammonia, 
G. A. Goodenough, 1915 
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especially in the Fig. 2, much closer to the theoretical than is usual in psychro- 
metric charts due, naturally, to the enlarged scale. 

For the benefit of those who are not familiar with the technique of psychro- 
metric observations it seems advisable to direct attention to the paper on The 
Temperature of Evaporation by Carrier and Lindsay.® The effect of velocity on 
the error in wet-bulb observations is there presented in an excellent manner. It is 
to be hoped that further investigations will be made along identical lines to cover 
wet-bulb temperatures below 44 F. 


Simplicity has been sought in this effort. Therefore curves showing the vol- 
ume of dry and of saturated air were eliminated. The latter data can easily be 
calculated from the moisture per pound and per cubic foot of dry air saturated. 
Furthermore conversion factors may be obtained, easily, by which any one can 
convert the units charted into equivalent units in the metric or English systems. 
While the two charts do not furnish a saturated (or 100 per cent relative humid- 
ity) curve, much of the essential data are given for dry air which has been 
saturated. For example, take a dry-bulb temperature of 45 F and a wet-bulb 
temperature of 30 F. At the intersection of these lines the relative humidity is 
read from the nearest relative humidity curves. Directly to the left of this inter- 
section, at the margin, the moisture per pound of dry air will be read for this 
particular air-water vapor mixture. The moisture at saturation, for 45 F dry- 
bulb, can now be calculated by dividing the moisture reading just obtained by the 
per cent relative humidity found on the chart. The result is the moisture at 
100 per cent relative humidity (saturation). For the same dry-bulb temperature 
the saturated air conditions as to moisture per cubic foot, total heat and yapor 
pressure can be read on the margin directly to the left of the intersection of each 
of these curves with the dry-bulb line. The degree of accuracy with which these 
charts can be read may be seen in the following table based on the foregoing 
problem and using a 13 in. x 20 in. chart: 


Observed Reading Caleulated 
Relative humidity—per cent 8.25 8.45 
Grains per Ib dry air 3.58 3.43 
Grains per lb dry air (sat) 43.39 (calculated) 44.11 
Vapor press—mm Hg 7.60 7.62 
Grains per cu ft dry air (sat) 3.43 3.43 
Total heat—Btu 17.60 17.59 
Cu ft per lb dry air (sat) 12.65 (calculated) 12.85 


Early psychrometric charts antedated satisfactory instruments for measuring 
the relative humidity directly. Instruments which were available operated on 
the wet-bulb, dry-bulb principle and the reader needed a table or chart from 
which the readings could be interpreted in terms of the relative humidity. Most 
of these instruments were inaccurate. 

The increasing use of the A. S. H. V. E. comfort data and the use of humidi- 
fication for industrial processes, where relative humidities are measured: much 
more accurately, have created a demand for charts and instruments of a more 
reliable type. The charts presented in this paper meet this situation for the 
low humidity field. 

Accurate and reliable indicators, recorders and controllers, which measure 
relative humidities directly, are now available. Similar instruments for precise 


*Trons. A.S.M.E., Vol. 46, 1924. 
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measurement of low humidities can also be obtained. With these latter instru- 
ments, the charts (Figs. 1, 2, 3 and 4) furnish the only available means of deter- 
mining the wet- and dry-bulb temperatures from charted relative humidity 
records. 

Previous texts and papers have so thoroughly discussed the theory and the ap- 
plication of psychrometric charts that it would be burdensome to cover the same 
ground. The reader is referred to the notes herewith for information of this 
nature. 

In closing the author wishes to express his indebtedness to Prof. George A. 
Goodenough whose fine air-water-vapor tables have been a great help in pre- 
paring these charts. 
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FROST AND CONDENSATION ON WINDOWS 
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causes no great annoyance in the majority of instances. However, in 
some cases, this formation on the windows is not only annoying but 
very detrimental. 

There are several reasons why the problem has grown more acute. The ad- 
vantages of higher humidity of the air have resulted in the development and use 
of means for maintaining a higher moisture content than formerly. Better con- 
struction, at the window openings, has materially reduced the rate of exchange 
of air between the inside and outside of buildings, thus causing a building up 
of the moisture content of the inside air. Buildings nowadays have a much 
greater window area, and the amount of condensation is dependent upon the 
amount of window surface. 

All of these factors have contributed to render the conditions more favorable 
for the deposition of moisture upon cold window surfaces. Not only has the 
amount or quantity of water thus deposited on the coldest days of the heating 
season been increased, but the formation of moisture occurs on more days of the 
season, because the favorable conditions enumerated above result in condensa- 
tion at a higher outside temperature. 

In this paper, these factors which influence the formation of frost and con- 
densation on windows are discussed and some methods for lessening or prevent- 
ing this formation are suggested. 


1 ees on windows either in the form of condensation or frost 


The Inside Temperature of the Window Surfaces 


In order to determine quantitative values for some of the principal factors that 
influence the inside temperatures of windows, some experiments were conducted 
during the winter of 1926-1927, in the Mechanical Engineering Laboratory of the 
University of Michigan with the cooperation of Prof. J. E. Emswiler? and W. C. 
Randall.’ 


1 Research Engineer, Detroit Steel Products Co., Detroit, Michigan. 
2 Professor of Mechanical Engineering, University of Michigan. 
® Chief Engineer, Detroit Steel Products Company, Detroit, Michigan. 
Presented at the Annual Meeting of the American Society oF HEATING AND VENTILATING 
Enoineers, Chicago, January, 1929. 
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A small window two panes wide and three high was placed in one end of a 
cold box of the laboratory refrigerating plant. Any desired low temperature 
could be maintained on the one side of the window with an ordinary room tem- 
perature on the other. Small thermocouples, flattened out very thin, were glued 
to the glass or other surface to be examined, whereby the temperature of those 
surfaces could be ascertained. A variable speed fan was located in the box, so 
that when desired, the cold air could be blown over the surfaces of the window, 
thus simulating wind conditions. The humidity of the air on the warm side 
could be varied by releasing steam into the room. 

The objective of the tests was to determine the ratio of the difference between 
the temperatures of the inside surface of the glass, or other surface examined, 
and that of the cold air, to the difference between the temperatures of the warm 
and cold air. This ratio or factor may be expressed mathematically as follows: 

__ inside surface temperature — cold air temperature 
done warm air temperature — cold air temperature 

Thus, if the temperature of the warm air is 70 F, the temperature of the cold 
air 10 F, and that of the inside surface 30 F, then 

_30—10 20 
f ~~ 70—10~ 60 

The values of this factor, or ratio, defined previously and determined by the 

experiments are about as shown in Table 1. 





= 0.33 














TABLE 1 
Item Material Conditions Value of f 
> Single Glass—%-in. Plate No Wind 0.50 
2. Single Glass—%-in. Plate With Wind 0.25 
3. \%-in. Double Glass with %-in. Air Space With Wind 0.48 
- a ¥%-in. Double Glass in Contact With Wind 0.35 





In the table, values for the factor f are given for the conditions of No Wind 
and With Wind. No Wind means that the fan on the cold side of the window 
was not in operation. 


As is to be expected, winds or air velocities of different magnitudes will pro- 
duce different temperatures on the inside surfaces of the window. However, it 
was found that whereas a small wind velocity caused a rapid reduction of the 
inside surface temperatures, the rate of decrease did not keep pace with increase 
of wind velocity, and at about 8 mph or more, there was but little further effect 
produced. The relations between wind velocity and the ratio, or factor f, are 
shown in Fig. 1. 

For no wind, the temperature of the inside surface of the glass is just about 
half way between the temperature of the outside cold air and that of the inside 
warm air. For a moderately high wind velocity, the inside glass temperature 
is only about one-quarter way between the two air temperatures. Thus, if the 
cold air is at 10 F and the warm air at 70 F, the inside temperature of the glass 
for no wind is 10 + %4(70 — 10) = 40 F, and with a wind of 8 or 10 mph, 
the inside temperature of the glass is only 10 + %4(70— 10) = 25 F. It is, 
therefore, Seen that the wind is a very strong contributing factor in the forma- 
tion of frost and condensation. This statement is borne out by the observed fact 
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that frost and condensation appear first and are heaviest on those windows that 
are located on the windward or exposed side of a structure. 


The curves of Figs. 2 and 3 show temperature relations between inside and 
outside air, dew-point of inside air, and the inside surface temperature of the 
glass for numerous temperature conditions with and without wind action upon 
the outside surface. It should be noted that the horizontal scale does not repre- 
sent equal time intervals, but merely indicates test conditions. These curves 
have been plotted from actual test data and show how closely the temperatures 
registered by the thermocouples agreed with the observed condition of the glass 
surface; for example, when the inside glass temperature became equal to or 
lower than the dew-point temperature of the inside air, as registered by the ther- 
mocouple reading, moisture was observed to be deposited upon the surface. The 
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same was true for other observed conditions indicated by the vertical lines inter- 
secting the curves. Fig. 2 also shows how the inside surface temperature of 
the glass for the No Wind condition is practically midway between the inside 
and outside air temperatures but for the condition of wind action upon the out- 
side surface, Fig. 3, shows the inside glass temperature to be much closer to 
that of the outside air, approximately three-fourths of the distance from the 
inside air temperature curve to that of the outside air. 


The Formation of Condensation on Windows 


The factors that chiefly influence the deposition of moisture and the forma- 
tion of frost are two in number: 

1. The dew-point temperature of the inside air. 

2. The temperature of the inside or room surface of the glass. 

The dew-point temperature is determined solely by the moisture content, or 
more properly speaking, the steam content, of the air. The moisture content 
of the air is usually expressed in terms of the relative humidity in conjunction 
with the temperature of the air. Thus, if the temperature and the relative humid- 
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ity are definitely known, the actual weight of water vapor, or steam, contained 
in 1 cu ft space, as well as the dew-point temperature, can be determined. 

The control of the moisture content of the air offers the best possible means 
of controlling the dew-point temperature and, consequently, the deposition of 
frost and condensation. If the air is cooled, without the addition or subtraction 
of any moisture, the dew-point temperature remains the same as before. If the 
moisture content is increased, the dew-point temperature will be raised, prac- 
tically, regardless of what the room temperature may be, and, again, if the 
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moisture content of the air be reduced, the dew-point temperature will likewise 

be lowered. 

If it were always possible to keep the temperature of the inside glass surface 
above the dew-point temperature of the inside air, frost or condensation would 
never form upon the glass. The inside temperature of the glass is dependent 
upon a number of factors. It is evident that it will be influenced by both the 
inside and outside temperature of the air, and that it will have a value some- 
where between these two. There will be a certain temperature gradient, or rate 
of temperature drop, accompanying the flow of heat from the warm air inside 
to the cold air outside. The character of the temperature drop will be determined 
by the nature of the resistances offered to the heat flow. The resistances to heat 
flow consist of a film of air in intimate contact with the glass on the warm side; 
the material of the glass itself; and a film of air in intintate contact with the glass 
on the outside. It is a very easy matter to control the inside air temperature, but 
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increasing the air temperature does not affect a corresponding increase in the 
inside surface temperature of the glass, and for this reason, does not offer a prac- 
tical method of eliminating the formation of frost and condensation. 


Constructional Means of Preventing Frost and Condensation 


The most effective means of increasing the inside glass temperature is to in- 
crease the resistance to the flow of heat through the glass itself, such as might 
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result from the use of double glazing, double windows, or by applying some 
transparent insulating material in the path of the heat flow. 

The prevention of frost and condensation by constructional means is more 
applicable where high humidities must necessarily prevail. It is to be noted, in 
this connection, that the benefit to be derived from even a few degrees increase 
of the inside glass temperature is very great, considering the fact that condensa- 
tion and frost appear only on the coldest days of winter. 

Double glazing, with an air space between, shows quite an advantage over 
single glazing as far as restraining the formation of frost and condensation is 
concerned, but there are also some important disadvantages which should be 
kept in mind: 

1. The air contained between the two panes of glass must be practically 
dry air and a permanent air-tight seal around the edges between the two 
panes is necessary to keep moisture or moist air from penetrating into this 
confined space; otherwise condensation or frost will be found to accumulate 
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upon the inside surface of the outside pane even for moderate temperature 
conditions which would not cause frost or condensation to form upon the 
inside surface of single glazed windows. 

2. It is practically impossible, by ordinary glazing methods employing 
putty, etc., to make a permanent air-tight chamber between the two panes 
of glass. Temperature changes due to changing weather conditions cause 
an expansion or contraction of the air space between the panes of glass. 
This results in a breathing which draws moist air into the confined space 
and condensation takes place. 

The same disadvantages hold true for double windows and storm windows. 
However, such installations seem more practical than double glazed windows 
because provisions can be made for cleaning the glass surfaces between the two 
windows and for ventilating the intervening air space. 


Operational Means of Preventing Frost and Condensation 


Condensation to an objectionable degree may be considered as an emergency 
situation, since it is not one that must be contended with continually during the 
heating season, but occurs only in rather extreme weather conditions. There- 
fore, if this emergency condition can be dealt with by a reduction of the moisture 
content of the air, the benefits of high humidity can be dispensed with tempo- 
rarily for the advantages to be gained. If some dehumidifying device could be 
produced, it would answer the purpose in those emergency situations. However, 
the same result can be attained by more simple and obvious means. 

The rate at which moisture is generated should be reduced by cutting off all 
moisture sources where possible. Then the moisture content can be reduced by 
natural means as exchanging the moisture-laden air within for the relatively dry, 
outside air. This may be done by providing cracks at the movable windows by 
slight openings, whereby infiltration is encouraged, or it can be done more 
quickly and positively by opening doors or windows about the house for a few 
minutes, thus effecting a rapid exchange of inside and outside air. 

If a quantity of contained air at, say, 70 F, could be locked up in an occupied 
house, so that there was no exchange of air between inside and outside, the rela- 
tive humidity of the contained air would approach the saturation condition of 
100 per cent humidity because of the contribution of steam or vapor from various 
sources, such as steam from cooking and laundry processes and the exhalation 
from lungs and skin of the occupants. Also, in many cases, means of increasing 
the humidity are employed, such as the water pan of the hot air furnace, and va- 
rious forms of humidifiers to be hung on or about steam radiators. At 100 per 
cent humidity, the dew-point temperature is coincident with the temperature of 
the air, or 70 F in the case suggested above, and moisture would probably form 
on the inside of all exposed surfaces, including both walls and windows, if the 
outside temperature was lower than 70 F. 

However, no house is proof against leakage, and as a result, there is bound 
to be a constant exchange of air between inside and outside. Suppose the out- 
side temperature is 10 F and its relative humidity 80 per cent. Each cubic foot of 
outside air contains a very much smaller amount of moisture than does each 
cubic foot of inside air. Consequently, every exchange results in carrying some 
moisture out of the house, thus maintaining a condition of air inside at a very 
much lower relative humidity than 100 per cent. The actual humidity maintained 
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will represent an equilibrium between the rate at which moisture is contributed 
to the inside air from the various sources, on the one hand, and the rate at which 
exchange takes place between the inside and outside air, on the other. 


As an example, suppose the air in the room is at 70 F and 40 per cent relative 
humidity, while the outside air is at 10 F and 80 per cent relative humidity. 


The weight of moisture per cubic foot of inside air is 0.000461 Ib and the dew- 
point is 44 F. If there is considerable wind, the inside temperature of the glass 
of the windows is found to be about 25 F. The glass surface is, therefore, 19 
F below the dew-point, and there will be heavy and rapid deposition of moisture, 
which will immediately be frozen into ice, since the surface temperature is below 
32 F. 


Now, let doors and windows be opened for a few minutes, and assume that 
three-fourths of the air inside the room or house has been replaced by outside 
air. This does not mean that the temperature of the freshly introduced air in the 
room will be as low as three-fourths the distance between 70 F and 10 F, be- 
cause the great mass of walls and furniture will immediately heat the relatively 
slight mass of air, so that perhaps the lowest temperature registered by a ther- 
mometer might not be below 50 F. 


The weight of moisture in each cubic foot of the newly introduced air will be 
0.000088 Ib, and the weight of the moisture in 1 cu ft of the mixture of the old 
air and the new in the room, in the proportions of one to three as assumed, will 
be 0.000181 ; the humidity will be about 16 per cent and the dew-point tempera- 
ture 20 F which is now below the inside surface temperature of the glass. The 
result is that the ice will immediately begin to evaporate from the glass. The 
acquisition of moisture by the air by evaporation from the glass and other 
sources will soon raise the dew-point temperature, and evaporation from the 
windows will cease, and in time deposition will again take place, but, in the 
meantime, some of the ice coating will have been actually removed and deposition 
has been arrested for a period. By a few applications of this treatment, the depo- 
sition can be stopped and the ice already formed can be removed by evaporation 
without melting. 

This theory has been put to actual test in a residence. In one experiment, the 
inside temperature was 75 F and the relative humidity was 60 per cent. This 
high humidity can be attributed to the fact that the house was newly constructed 
and the plaster had not yet dried out. The dew-point temperature was 59 F. 
The outside temperature was 40 F. Inasmuch as there was but little wind, the 
inside glass temperature was about 54 F. As a result, there was considerable 
condensate deposited because of the high humidity in spite of the very moderate 
outside temperature. 


The doors and at least one window in each room were opened for about 3 min. 
About 5 min after these were closed again, the temperature of the room had 
reached 73 F, and in 10 min the original temperature of 75 F had been com- 
pletely restored. The relative humidity was reduced by this airing from 60 per 
cent to 25 per cent, and the dew-point from 59 F to 35 F, which wauld indicate 
that nearly all the old air had been cleaned out and replaced by new in the 3-min 
airing. Under the newly established conditions, the dew-point temperature was 
35 F and the glass temperature 54 F, so that condensation was no longer forming 
on the windows, but instead the moisture previously deposited was actually 
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evaporating. One hour after the airing, the moisture had all disappeared from 
the windows. However, after an interval of 3 hrs, light condensation began to 
appear again because of the moisture taken up by the air from the plaster and 
from the evaporation of that from the windows as well, which necessitated an- 
other airing. 

On another occasion, the outside air temperature was 5 F and a strong wind 
was blowing. During the night, the house had been tightly closed, and in the 
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TEMPERATURE TO DeEw-PorInt AND Frost 


morning, a heavy coating of frost covered nearly all the windows. In about 
2% hrs, after a single thorough airing of the house (upstairs as well as down- 
stairs), the frost had disappeared from all but the lower panes of one bay on the 
windward side. In this case, the frost actually evaporated from the windows 
without first melting and running down the glass. 


The most effective time for airing a house is just before the retiring hour at 
night, for it is usually at that time that the moisture content of the inside air is 
greatest because of the gradual increase throughout the day. During the night, 
with the occupants in bedrooms shut off from the rest of the house, and with 
other moisture sources cut off, the contained air will hardly increase enough in 
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moisture content to bring the dew-point high enough to permit condensation to 
take place. 


Predetermining Frost and Condensation Conditions 


As was pointed out in the earlier part of this paper, the condition that de- 
termines whether or not condensation and frost will appear upon a window is 
the relation of the temperature of the inside surface of the glass to the dew-point 
temperature of the inside air. The glass temperature is determined by the tem- 
perature of the air inside and out, by the wind and by the conductivity of the 
glass. The dew-point temperature of the inside air is determined by the moisture 
content, or relative humidity taken in conjunction with the temperature of the 
air. 

All of these factors are presented in the chart of Fig. 4. The temperature scale 
on the left applies to the cold air, the glass and the dew-point; that on the right 
applies to the warm air. The scale of relative humidity appears at the top of the 
chart, and the scale for values of the factor f appears at the bottom. It will be 
remembered that this factor is the ratio of the number of degrees between cold- 
and warm-air temperatures. The curved diagonal lines represent different dew- 
point temperatures that pass through £0 F, 80 F, 70 F, 60 F, 50 F, and 40 F, 
respectively, at 100 per cent humidity. Thus, if the warm air temperature is 60 F 
(on the right-hand scale) and the relative humidity is 30 per cent (on the top 
scale), the dew-point temperature is 27.5 F, as read on the left-hand scale on a 
horizontal line through the point of intersection of the vertical 30 per cent hu- 
midity line, and the diagonally curved dew-point line that passes through 60 F 
on the right-hand scale. 


In the example indicated on the chart, the outside-air temperature is taken as 
0 F and the warm-air temperature as 70 F. A straight line is drawn from 0 F 
on the left-hand scale to 70 F on the right-hand scale. If ordinary single glazing 
is used, and there is a considerable wind outside, the factor f will be 0.25. 


From the point where the straight line from 0 F to 70 F intersects the verti- 
cal line from f = 0.25, the temperature of the inside of the glass is read on the 
left-hand scale as 18 F. The dew-point line through 70 F warm-air tempera- 
ture crosses this 18 F line at 14 per cent relative humidity. If the relative hu- 
midity is higher than this 14 per cent, for example, say 30 per cent, the dew- 
point temperature, 36 F, is higher than the glass temperature and condensation 
(which will appear at once as frost because the glass temperature is below 32 F) 
will form on the colder glass surface. 


In the case of this example, frost and condensation can be prevented either 
by lowering the moisture content of the air, or by increasing the factor f by 
some means. If the moisture content is reduced so that the relative humidity be- 
comes less than 14 per cent, no frost or condensation will appear. Or, if the 
value of f can be increased to 0.50 either by breaking off the wind, or by a fan 
on the warm side, then the temperature of the glass will rise to 35 F. Condensa- 
tion will then occur if the relative humidity is higher than 30 per cent, but the 
condensation will not turn to frost because the temperature of the glass is above 
32 F. 


Increasing the warm-air temperature will do something towards raising the 
temperature of the glass. Thus, in Fig. 3, if the straight line be drawn from 
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0 F to 80 F, it is seen that the glass temperature is increased to 20 F for f = 
0.25, or to 40 F if f = 0.50. 


Results of the Experiments 


1. The thickness of the glass, within ordinary values, has but little effect 
upon the temperature of the inside surface. Both %-in. and %-in. glass were 
tried. The thinner glass showed a slightly lower temperature, but not enough 
lower to warrant discrimination in the value. The resistance to heat trans- 
mission of the glass itself is so low, compared with that of the air films, that 
differences in thickness of ordinarily used glass introduces but a slight effect. 

2. Circulation of air on the warm side of the window by a fan tends to nul- 
lify the effect of the wind on the cold side, and brings up the inside tempera- 
ture of the glass to approximately the mean of the cold and warm air tempera- 
tures, which is the condition for no wind or forced circulation on both sides. 

3. Insulating the glass pane from the metal member of a steel window by a 
felt strip or by using a framing member of wood has no effect upon the forma- 
tion of condensation or frost. 

4. Double glazing, consisting of two \%-in. panes in contact, brought the 
factor f up from 0.25 to 0.35 with wind. The surfaces, although in contact, ap- 
pear to offer a considerable hindrance to heat transmission. 


DISCUSSION 


J. E. Emswiter (Written): In Table 1 of the paper, the value of the factor 
f for double glass with %-in. air space, is given as 0.48, which means that the 
room temperature of the glass is about half way between the temperature of 
the room air and that outside. If the coefficient of surface transmission for 
glass for still air is taken as 1.60 and that for outside air as three times this 
figure, or 4.80, and if the coefficient of the glass itself be taken as 36, then the 
resistance (reciprocals of the coefficients) for surface effect on warm side of 
window glass, two surface effects in air space, glass, and surface effect on out- 
side of window, are respectively, 0.603, 0.028, 1.206, 0.028 and 0.201. The total 
resistance is the sum of these values or 2.066. The temperature drop from room 
air to inside surface of window should then be the ratio of 0.603 to 2.066 or 
0.29 of the total temperature drop from inside to outside air. If, for example, 
the temperature of the inside air is 70 F and that of the outside air 0 F, the 
temperature of the glass on the room side should be 70 0.29 = 20 F less than 
that of the room air, or about 50 F. The value of the factor f as defined in the 
paper should be (50 — 0) / (70 — 0) or 0.71. The fact that the actual value 
of f is only 0.48 would seem to suggest that the insulating effect of the 4%-in. air 
space is considerably less than is figured on the above basis. 

It is possible that with a thin space between panes, heat is transmitted by con- 
duction rather than by convection. Using a coefficient of conductivity for air of 
1.25, derived from values taken from Mark’s Handbook, p. 308, the resistances 
for a double glass window with %-in. glass and %-in. air space, would be 0.603, 
0.028, 0.800, 0.028, and 0.201, for warm air film, glass, air space, glass, and cold 
air film respectively, or a total of 1.660. The resistance of the warm air film 
would then be 0.603/1.660 or 0.36 of the total, and the value of f as defined in 
the paper would become 0,64. While the value 0.64 figured on transmission 
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across air space by conduction is still a good way from 0.48 as observed by the 
authors, it is materially better than the value 0.71 computed by assuming the 
passage of heat across the air space to take place by convection. It seems prob- 
able, from the standpoint of resistance to heat flow and inside temperature of 
the glass, that the air space of a double glazed window should be thicker than 
Y-in. 

T. J. Durrietp (WritTEN) : It has been so long since I have been in a house, 
office, or school building in which the humidity was so high that there was depo- 
sition of moisture and frost on the windows, that I did not appreciate that the 
matter was important and the research here reported seemed like setting up a 
straw man merely for the joy to be derived from bowling him over. However, 
there are doubtless instances both in residences and industrial plants when con- 
densation on windows and its removal become important factors. 


It is, however, of interest to know how the indoor surface temperature of 
glass is reduced by wind and that this reduction is not increased by velocities 
over 8 miles an hour. This fact is of particular importance in the light of a 
study of the manner in which the body loses its heat, recently made by the Smith- 
sonian Institution with financial assistance of the New York Commission on 
Ventilation.* 

When one stops to consider that at ordinary indoor temperatures, approxi- 
mately 46 per cent of the heat loss of the body is effected by radiation, 30 per 
cent by conduction and convection, and 24 per cent by evaporation in the respi- 
ratory tract and from the skin, it will be appreciated that when outdoor tempera- 
tures are low and there is considerable wind, one may be uricomfortably cool in 
a room with any considerable window area, despite the fact that the air has the 
effective temperature determined to be the most comfortable, simply because of 
the heat loss by radiation from the subject to this cool window surface. 

Being uncomfortably cool in an air condition determined to be most generally 
comfortable may seem an anomaly, but explanation is to be found in the fact 
that the walls of the test room in which the determinations were made were all 
alike and they assumed an approximately equal temperature very near that. of 
the air, whereas a window to the outer air would have altered conditions very 
materially. 

Paut D. CLose (WriTTEN): It is interesting to note that the results of the 
experimental work reported in this paper check very closely with certain facts 
which have been available for some time and have been used to solve condensa- 
tion problems. 

A fundamental of heat transmission is that the temperature drop through 
glass or any wall or roof construction is proportional to the resistance. Thus if 
the total resistance of a certain construction is 10 and the overall temperature 
difference ‘is 100 deg, the change through any portion of the construction hav- 
ing a resistance of say 1.0 would be 1/10 of the total temperature change or 10 
F. The use of this fundamental makes it possible to compute the temperature 
gradient through any construction if the individual resistances of the component 
materials are known. 

This principle can be readily applied to glass if the necessary heat transmis- 
sion data are available. In the case of glass the so-called internal resistance is so 


4A Study of Body Radiation, L. B. Aldrich, Smithsonian Miscellaneous Collections, Vol. 81, 
No. 6, December, 1928. 
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small that it may be disregarded and it can be assumed that the total resistance 
of the glass for any given set of conditions is the sum of the two surface resis- 
tances, in the case of single glass. 


The air to air transmission of single pane glass according to Tavle 13 of THE 
GurpeE, 1929, is 1.13 based on a 15-mile wind velocity. The reciprocal of this 
quantity is 0.884 which represents the total resistance of the two surfaces for a 
wind exposure of 15 mph on one side. Three-fourths of this resistance or 0.663 
is on the still air side and one-fourth or 0.221 on the moving air side, based on 
the customary assumption that the resistance of the air on the exposed side is 
1/3 that of the air on the still side. 


In this paper it is stated that for no wind the temperature of the inside sur- 
face of the glass is about 14 way between the temperature of the outside cold air 
and the inside warm air. This fact was determined experimentally. The same 
result can be obtained mathematically, for if the outside surface were subjected 
to still air conditions the two surface resistances would be equal, and since the 
internal resistance of the glass is negligible, the temperature of the inside surface 
would be the same as that of the outside surface and hence both would be the 
mean between the inside and outside air temperatures. The factor, f, derived 
from the experimental data can likewise be determined mathematically and 
would have the same value as that given in the paper, namely, 0.50 for no wind 
conditions on both sides of the glass. 


The value of f of 0.25 based on wind exposure on the outside surface and cal- 
culated from the experimental data, can also be obtained mathematically. As 
previously stated, the resistance of the outside glass ‘surface for wind exposure 
on that surface is 0.221, and since the total resistance of the glass under these 
conditions is 0.884, the temperature change (rise) through the outside surface 





0 —te Y% of the total temperature change through the glass. If the 


outside air temperature is 10 F and the inside air temperature is 70 F the out- 
side surface temperature would be 10 + % (70 — 10) or 25 F. 


Knowing the heat transmission of «ny type of glass, the inside surface coeffi- 
cient and the inside and outside temperature conditions, it is possible to calculate 
the inside surface temperature of the glass, from which the maximum relative 
humidity which can exist in the room without condensation taking place can be 
determined. For example, the transmission of double glass exposed to the wind 
according to Table 13 of Tue Gutne, 1929, is 0.45 and if we use the still air sur- 
face coefficient of glass of 1.50 given in Table 4, we find that the temperature 
of the inside surface of the glass is about 50 F, based on inside and outside air 
temperatures of 80 F and zero, respectively. Taking 50 F as the dew-point 
and 80 F as the dry-bulb, the allowable relative humidity is 35.6 per cent. The 
value obtained from Fig. 4 of this paper is 25 per cent, the discrepancy undoubt- 
edly being due to the difference in the widths of the air spaces in the two cases. 
The air space on which the tests reported in this paper were based is % in., 
whereas the transmission factor of 0.45 used in the above calculations was un- 
doubtedly based on a wider air space. The wider the air space the lower the 
heat transmission up to a certain point and the higher the inside surface tem- 
perature for any given set of inside and outside air temperatures. Hence, a 
wider air space up to a certain limit will permit a higher humidity. 


would be 
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Discussion ON Frost AND CONDENSATION ON WINDOWS 


The statement is made that increasing the circulation of air on the warm 
side of the window tends to nullify the effect of the wind on the cold side. This 
result would be expected and can likewise be proved mathematically. Increasing 
the outside wind velocity, decreases both the outside and overall resistances but 
increases the ratio of the inside surface resistance to the total resistance which 
in turn decreases the inside surface temperature and hence lowers the humidity 
that can be carried in the building without condensation taking place on the 
windows. 


On the other hand, if the air circulation over the inside surface is increased, 
the inside surface resistance is reduced, and the inside surface temperature in- 
creased, thus permitting a higher humidity without condensation. on the win- 
dows. This latter principle is frequently used for preventing condensation or 
frost on store windows during cold weather. Thus, increasing the outside wind 
velocity increases condensation and increasing the inside air velocity decreases 
condensation, 


This paper suggests increasing the inside air velocity and the use of double 
glass for preventing condensation. The objection to the former is the increase 
in the heat loss through the windows, resulting from the increase in air motion. 
From the standpoint of maintenance cost, the use of double or triple ply glass 
is preferable, but is objectionable as stated because of the difficulty of prevent- 
ing infiltration of humid air into the spaces between the panes of glass. 


E. B. LANGENBERG: We have had a number of cases of warm air heating sys- 
tems where we had an excessive amount of humidity and condensation on the 
windows. In two cases I have been able to find the proof: one was a spring 
under the house which brought water up underneath the furnace. There seemed 
to be an attraction in the furnace caused by the air passing over the floor inside 
the casing which drew the moisture. To solve the problem, we had to put a gal- 
vanized iron sheet on the floor. 


In the other cases—we had five—we have not been able to determine the 
cause. Some are frame and some brick, old houses. We studied excessive boil- 
ing of food, and even looked for a subterranean still that might be there. 

One remedy is we can introduce 10 per cent outside air in which case we 
found the outside humidity has been very low and as the air comes in it absorbs 
and dissipates the humidity to a point where it does not condense on the win- 
dows. 

Outside of those two things I cannot find any remedy for this condition. 

W. H. Carrier: This paper is, as the President has already said, a very im- 
portant and informative one. The data are valuable for general use. I am 
rather curious about his difficulty with getting excessive humidity. In the East 
we no longer find much if any of that trouble except when the house has just 
been built, and some plaster is wet. 

When I was a boy and lived on the farm, we had the cooking right off the 
living room, and we met those conditions. I don’t know that these are the occa- 
sions or the particular things that they are talking about, but I have a kind of 
suspicion that this condition is much more healthful than the overheated and 
excessively dry conditions we get in our modern homes under ordinary condi- 
tions. 

A part of this difficulty of getting sufficient humidity, which is much more 
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frequent failure than the reverse, is due perhaps to improper building construc- 
tion where windows are just “thrown in” and.covered with the trim instead of 
being caulked in or being built around properly so as to avoid loose windows 
and leakage. Fire-places will draw out air regardless of construction, and I 
believe any building that has a fire-place with a damper, as most buildings being 
built in the East today have, the real remedy is to open the fire-place damper. 

For my part, I like to see a little condensation to know you have a little mois- 
ture there. That is the practical limit. 

Then, too, it is a question of climate. The desirable humidity in a home is 
about 35 per cent; above that you are apt to get condensation in our milder 
climates around New York; below that the conditions are noticeable for dryness, 
excessive dryness. 

I would suggest in colder climates where difficulty is found with condensa- 
tion, that the real remedy is to use double sash. We hardly need it in the neigh- 
borhood of New York, Philadelphia; possibly it might be needed in Chicago; 
certainly all through the Northwest. 

Right now I have two humidifiers delivering altogether about half a gallon of 
f water an hour into the house, and that just barely keeps the humidity enough, 
” and I can see just a trace of condensation on a cold day. 

E. S. Hauett: In our schools, of course, we have humidity enough to make 
‘ condensation on windows on any cold day, and the effort that we have made is 
succeeding pretty well; that is having a diffuser in the end of the school room 
that throws an air draft across the window. That gives the amount of air move- 
ment that prevents excessive accumulation on the glass. 
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COOLING AND HUMIDIFYING OF BUILDINGS 


By S. C. Broom,’ Cuicaco, ILL. 
MEMBER 


in the theatre, is resulting in wide-spread interest in its possibilities of 
application to all types of buildings, primarily for the purpose of escape 
from the elements during summer. 

We do not permit ourselves to be tortured by the rigors of winter, hence heat- 
ing plants are a matter of course in every kind of building. It does not require 
the gift of prophecy to state that the time is close at hand when provision for 
comfort in hot weather will be classed among the necessities. 

In the theatre today the cooling system is an essential feature of the equip- 
ment, for experience has shown it to be an investment yielding large returns. 
It is only natural that the fields in which the benefits of cooling are of a tangible 
nature should be the earliest to adopt it. Hence we see the hotels, stores and 
restaurants beginning to utilize this effective auxiliary to attract the public and 
provide for its comfort while within their establishments. 

The greatest field on the horizon, however, lies in the cooling of office build- 
ings. It is more difficult to evaluate the direct benefits which accrue from the 
maintenance of conditions under which people can work to best advantage, but 
it is the common experience of every one that when the weather is so hot and 
uncomfortable as to be distracting, there is a decided reduction in mental and 
manual capacity for work. 

The problem of the engineer is to devise methods and means whereby the 
great benefits to be derived from the general usage of cooling can be attained. 
It is not an easy task, as any one will quickly recognize who examines the sub- 
ject, yet not insurmountable. The principal obstacles at the present time are the 
initial and operating expense of the equipment required according to current 
practice, the space requirements, and the lack of a background of experience 
by which to determine the worth of the investment. 


The last factor named is perhaps the most important, yet we have some out- 
standing examples of office building cooling, covering many years experience 
and it is the unanimous opinion of the managements that they could not afford 
to be without them. 

The multi-story building, where population density is small, presents some in- 
teresting considerations. There is a high percentage of window area, wide vari- 


‘Tis broad contact which the public has had with the comforts of cooling 





1 Consulting Engineer, Bloom and Kamrath, Chicago, IIl. 
Presented at the Annual Meeting of the American Society oF HEATING AND VENTILATING 
EnGinegers, Chicago, January, 1929. 
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ations in the intensity and distribution of solar radiation and windage, flue effect 
and the necessity for conserving usable or rentable area. 


The heat to be absorbed by the air supplied for cooling is preponderantly sen- 
sible—a characteristic which may prove important in the ultimate solution of 
the problem, through the objective of maintaining lower relative humidities than 
are now considered satisfactory, and higher room temperatures. It is not the heat 
but the humidity which is the common complaint. 


At the present time, air circulating systems, where cooling is employed, are 
designed very much along the same lines as ordinary ventilating systems, except 
that the exhaust system is usually arranged for recirculating a very substantial 
portion of the air supplied. Existing standards, whether traditional, code or 
statute are, on the surface at least, adhered to. 


Recirculation of air is done for the purpose of saving refrigeration, temper- 
ing the air supply and obtaining desirable humidity conditions in the building. 
The interesting point is that this results in a reduced intake of outdoor air. This 
immediately arouses speculation as to the minimum amount of outdoor air which 
must be introduced to a building. 


There is a very considerable body of evidence which has been accumulating 
for the past few years from various directions, indicating that the outdoor air 
requirement may be lessened without seriously impairing the quality of ventila- 
tion, especially with use of ozone in odorless concentrations and the promising 
prospects of ionization as adjuncts. 


There is, and doubtless will continue to be, resistance to acceptance of this 
idea, until its soundness has been more fully demonstrated. From the stand- 
point of cooling, its acceptance would be of tremendous significance for the rea- 
son that it would no longer be necessary to mask realities; recirculation of air, 
aesthetically forbidding at best, could be dispensed with. Stripped naked there 
would remain a simple system supplying a relatively small quantity of cold, puri- 
fied, outdoor air to the spaces ventilated. 

Indeed, exhaust systems may well be eliminated, thus requiring the air to 
find its escape through leakage and to that extent reduce infiltration of outdoor 
air—a factor of large consequence in air and refrigeration requirements. 

If air supply can be reduced to a point which approaches the normal infiltra- 
tion—a prospect which is not unreasonable, considering that occupied area will 
rarely be less than 30 sq ft per person—it will be seen that an important avenue 
of progress is opened. Taking a 10-ft story height, one air change per hour and 
the population density just given results in an air supply of 5 cu ft per minute 
per person. 

The less air supplied, the colder it must be of necessity, and the lower will be 
the relative humidity in the ventilated spaces, and the higher the temperature 
for a given comfort effect. This all works in the direction of smaller conduits for 
the air supply system and, with the omission of a recirculating system, to a large 
saving in space requirements. 

Consider in addition the possibilities in this direction, of increasing air veloci- 
ties in the main conduits to 5 or 6 times those commonly used and of operating 
blowers at pressures ranging upward to 1 lb per sq in. instead of the customary 
range. In dealing with greatly reduced air volumes, the total power requirement 
for air circulation will compare favorably with the conventional systems, Fur- 














Wiiaa 





CooLinc AND HuMIDIFYING or BuiLpines, S. C. BLoom 


thermore, we have at hand blowers which are eminently practical and suitable 
for such duty. 


The raising of air pressures on the mains will go far to solve the problems 
introduced by the chimney effect in a building where many stories are inter- 
connected by a common piping system. Similarly, the maintenance of sufficient 
pressure at branches will facilitate meeting the effects of windage. 

It is recognized that such a piping system would require insulation, but it 
would not be very heavy because its principal purpose would be to eliminate ex- 
ternal condensation, and the low dew point of the air in the building would re- 
duce the tendency for condensation. The insulation would also muffle any noise 
set up by the air at the higher velocities suggested. 


Undoubtedly it would be necessary to abandon the ordinary galvanized duct 
work, and use a form of conduit in the shape of light pipe, but there are many 
forms of conduit which can readily be adapted to the conditions proposed. 

There remains only the question of introducing the cold air to the enclosures, 
in such a way as to prevent drafts. The lines along which this problem can be 
met are quite well known. Briefly it is through the use of very small columns 
or very thin streams of air, introduced in a direction and at a speed which will 
affect their admixture with the room air before the cooled air falls to the oc- 
cupied zone. 

Rough control could be affected by varying the temperature of air leaving the 
air cooler as outside weather conditions change, and more refined control by 
variation of volume of air introduced to individual rooms. 

During the heating season, the same system could be used to moisten the air 
by the simple expedient of using a relatively small quantity of highly humidified 
air, the dew point of the air supplied being varied as outdoor conditions change, 
thus keeping the relative humidity in the rooms within a satisfactory range. 

It is certain that in the general application of cooling to large buildings, we 
shall probably go through an experience analogous to that which accompanied 
the introduction of blast heating, and it would require one of great vision to sug- 
gest at this moment what the general features of the ultimately desirable system 
will be. 

In the broad outline of the system described, the thought has been primarily 
to suggest some avenues of approach to a problem, upon the threshold of which 
we stand; a problem which demands a satisfactory solution, and requires the 
earnest thought of every heating and ventilating engineer. The public will have 
no patience with a wavering or uncertain attitude on the part of our profession. 

It is not to be inferred from this warning that as a group we are not alive to 
the situation, for there are many, well-qualified, forward-looking engineers who 
are concentrating their talents upon this problem; men who are unprejudiced, 
who are not slaves to the conventional and who are boldly treading new and 
uncharted paths, confident of arrival at the goal of their endeavors. 

What is needed is broad, constructive thinking and discussion of the many 
phases of the problem in order that errors may be reduced to a minimum. 
Otherwise progress in the usage of cooling will be retarded, since failures have 
the unfortunate characteristic of being much more conspicuous than successes. 

The cooperation of the refrigerating engineer, electrical engineer and experts 
on municipal water supply is very important, to the end that we may not start 
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off on a tangent and soon find a barrier through failure to recognize the signifi- 
cance of some factor or factors in the engineering branches named, which pre- 
cludes further advancement along the line projected. 


The large power and condensing water requirements together with their load 
factors offer a very fertile field for investigation, especially in the way of dis- 
tributing them over the period when the air cooling equipment is inoperative. 
Some work has been done in this field, but the results have not been uniformly 
satisfactory; however, enough success has been attained, in instances, to war- 
rant further consideration. 

A tendency which ought to be discouraged is the effort to maintain tempera- 
tures too low. It is not only expensive but unnecessary and even undesirable. 
A sane temperate view of the matter should be taken. A condition of 85 F and 
40 per cent relative humidity would be unbearable in a room during the heating 
season, and yet be gratefully comforting when it is 95 F and 50 per cent relative 
humidity outside. The provision of a reasonable contrast between indoor and 
outdoor conditions should be the objective. Excessive cooling in summer is 
just as objectionable as overheating in winter. 


So long as the answer to the question of what is sufficient remains in the 
realm of opinion, there will be some diversity of viewpoints. There is, however, 
some research work being done, which, with experience in existing installations, 
should serve as a valuable guide in determining correct practice. 


A principle which may offer a basis for an indoor temperature and humidity 
schedule in summer, is that the necessary readjustment of the body heat controls 
in passing from outdoors to indoors and vice versa should be a minimum com- 
mensurate with suitable comfort contrasts. 


If it be assumed that an effective temperature of 66 F in the environment of 
an average person at rest and normally clothed, is the condition wherein the 
body heat generated is thrown off with the greatest facility and the least dis- 
comfort, then it would seem reasonable that the maintenance of an effective 
temperature indoors, midway between that prevailing outdoors and 66 F, would 
afford the maximum comfort contrast with the minimum disturbance in the 
body temperature control mechanism of those passing indoors and outdoors. 

On such a schedule, the contrasts would lessen as summer weather conditions 
recede from the extreme, until with 66 F effective temperature outdoors the 
contrast would vanish. There could of course be various combinations of tem- 
perature and humidity indoors to produce the required effective temperature. 

It is common experience that after a protracted period of warm weather 
people become accustomed to it to a very considerable extent. In other words, 
there seems to be a seasonal adjustment of the body temperature controls, dur- 
ing which time we are quite conscious of discomfort. After the adjustment has 
been completed, the discomfort lessens or ceases. It is possible that this reaction 
is in part psychological, and that the cessation of discomfort results from ac- 
ceptance of the idea that it is useless to quarrel with the elements. 

The human body can adapt itself to variations in the condition of its atmos- 
pheric environment, throughout a reasonably wide range, without difficulty. 
It would seem logical then in the artificial cooling of buildings to minimize the 
variations to which the occupants are subjected in passing into or from a build- 
ing, bearing in mind that the change in conditions is abrupt and hence their 
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influence is temporarily magnified. As lighter clothing is worn in summer and 
street dress is the same indoors, the body is more sensitive to changes in effec- 
tive temperature. 


When the idea of cooling buildings was first advanced, the prospective users 
insisted upon indoor temperatures of 70 F and 50 per cent relative humidity 
regardless of outdoor conditions. Usually the expense involved in securing this 
combination effectually stopped further consideration. There were a few such 
installations made and experience quickly demonstrated the futility of the idea. 


The prospect of providing for the comfort, happiness, well-being and efficiency 
of the great body of people, compelled to work in buildings by virtue of the 
necessity of earning a livelihood, ought to stimulate the imagination and in- 
genuity of engineers and the solution of the problem will reflect great credit 
upon our profession. 


DISCUSSION 


J. S. St. Joun: I should like to leave a thought with the members of this 
Society on a subject that was brought before the Society of Automotive Engi- 
neers recently—automobile body heating and ventilating. The automobile men 
admitted their utter failure to secure something that was good and definite in 
that matter. A most vital example they gave was in a blinding rainstorm on a 
summer day, when the humidity was bad, the temperature around 80 F, all the 
windows and ventilators of the automobile were closed; therefore, no ventila- 
tion of any kind whatsoever. 


Every method of automobile ventilation depends entirely upon convection, 
the movement of the automobile, and automotive engineers are putting forth a 
program during this coming year, that they are going to work intensively on 
this subject. This may be a thought for the members of this Society to think 
of in their leisure time and also show the interest other branches of industry 
show in one of our most important subjects, cooling and humidifying. 

E. S. Hauiett: We think of school engineers as a conservative portion of our 
membership for schools generally, I suppose, are following rather than leading, 
as compared to theatres and buildings of that kind, yet right at the present mo- 
ment, in St. Louis, we are designing an auditorium which is to be cooled just 
as the great successful theatres of our city are cooled. We are going further 
than that. We are contemplating very soon, within a year or two, a new office 
building for the Board of Education, and I was very much interested in the 
thought that was offered in this paper on the cooling of an office building, as it 
applied to our new office building. 

We have another feature in that there are to be no radiators in this building, 
concealed or otherwise, as the building is to be heated and ventilated during 
the winter season entirely by the blast system exactly as we take care of our 
schools, 

That may be a novelty to a good many of you, but we have our plans well 
laid for accomplishing that result, and we contemplate in this connection to use 
the same system, so far as possible, in keeping all year round comfortable tem- 
peratures in this building. 

I want to call attention to the cost of lack of cooling in our schools. Last year 
we had 10 days in which it was impossible to conduct school on account of high 
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temperature. Ten days loss means one-twentieth of the entire school year lost. 
One-twentieth of $14,000,000 represents the cost of lack of cooling for the school 
system. 

Now, it may be in the quite remote future that we can reach that. I am using 
this merely as an illustration of the cost of it, not that we are going to be able to 
cool our schools immediately so as to be comfortable. 


There is another period, other than that in which we close our schools, when 
the temperature reaches 90 F outside, but after the temperature reaches 80 F 
eutside, might just as well be closed, on account of the discomfort, and that is 
a matter that must be considered. 


If the theatres must be absolutely empty, as they would in a city like St. 
Louis, during the summer season, for three months without the cooling system, 
what may we expect, then, of other buildings in the city? 


As an illustration one of our large concerns, the Graham Paper Co., had 
been having difficulty in securing office output, and they had a forward-looking 
man in charge of their office, who came to me and said, “What do you think 
about cooling that office building ?” 


I said, “It will probably add to the efficiency of your office 10 per cent, add 
that much to your working force of 300 employees. In other words, you may 
turn off 10 per cent of your employees and still get as much work done as you 
have done.” He installed the equipment, and he told me afterwards that they 
did better than he had expected. He was delighted with it. 


The next few years this Society will be hearing paper after paper of this kind, 
and I feel very sure that the time will soon come when we shall recognize that 
it is just as necessary to have cooling in the summer time as it is heating in the 
winter. We never lose a life in cold weather. Nobody ever freezes to death. 
Nobody dies from the exposures of cold in these days, and yet in St. Louis, there 
is never a summer passes that there aren’t quite a number of persons who die 
from high temperature. 


Those are all things that would indicate the truth of the paper that has been 
read before us, and I hope that when we go back to our homes that we shall 
plan to put into actual operation the building and equipment and necessary 
machinery to accomplish this result. 


M. C. W. Tomuinson: I did not get here in time to hear what the speaker 
had to say, but I think I can say something to the Society along the line of 
revolutionary things that are about to happen in air conditioning that may 
sound rather odd and rather revolutionary. 


For the last three years in the electrical industry we have had some experi- 
ence in using very low humidities, lower humidities probably than have been 
used commercially before. We have gone as low as a half per cent. We now 
know what that humidity will do in the line of protecting insulation, after it has 
been dried by the best drying processes, until some method of sealing or im- 
pregnation that will keep moisture out can be applied. We get very much better 
electrical characteristics than have been possible before. 

In addition to this, I had noticed for quite a while that laborers or truckers, 
who were trucking heavy material in and out of this type of room (a room 
that has been air conditioned at very low humidities) had no record whatsoever 
of absences due to colds or pulmonary troubles. It struck me that the time was 
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going to come when we would do a type of air conditioning very similar to that 
in our hospitals and sanitariums. 

Out in Arizona, where the relative humidities are around 10 per cent, and the 
temperatures are quite high, is where we send people who have tuberculosis. 
Why cannot a man who has the means to afford that sort of thing be treated 
right at home in that type of a room in a nearby hospital? In that way he 
could keep in touch with his business. This was the thought that ran through 
my mind. .That has not been done yet but there is no reason why it cannot be 
done. As a proof that it can be done there is a hospital in New York City where 
they have been trying out air conditioning for pneumonia. You will probably 
be surprised to know that they started out at about 40 per cent relative humidity 
with a temperature of about 70. It was not very long before they conditioned 
this room down to 30 per cent. 


It has only been about a week ago since I was talking to the specialist who 
has made this venture and I told him that I believed it was not going to be a 
great while before he would be working at very much lower relative humidities. 
He asked why, I told him why as I have told you and he said, “I know you are 
right. We can’t, with the installation we have, go down lower than 30 per cent. 
I have been wanting to get below 30. I don’t know where we are going to stop 
but we must have lower relative humidities in order to obtain better conditions 
for these patients.” 


I think that he is going to go down to at least 20 per cent and I wouldn’t be a 
bit surprised if they would finally wind up around 10 per cent relative humidity. 
In air conditioning we usually start very much higher and go lower and lower 
as capacity of our equipment will allow. 

Here is another thought: The work that has been done along the line of 
human comfort is very little known. There are other professions that ought to 
know a whole lot more about it than we know. This specialist knew very little 
about it. Yet he had been in touch with a consulting service. I also told him, 
that I thought his temperatures would have to go up, as his relative humidities 
went down. 

I have seen with my own eyes human beings lying in that room who should 
have passed out by all methods of figuring by the medical profession of today 
This is a very wonderful venture in air conditioning, it seems to me, when you 
can save human lives. 

I hope we will find some way of applying air conditioning through which we 
will not only be able to cut down our pay rolls, by reducing our employment, as 
the previous speaker has suggested but also we may find some means of using 
it for increasing employment. 

There is one other thing that I might say and that I feel I can say at this 
time. That is, that with relative humidities around 5 per cent, air motion of 
100 fpm and temperature around 85 F, it is very chilly. At relative humidities 
about a half per cent with the same air motion and temperature it is cold. Also 
it is comfortable. 

J. I. Lyte: I want to congratulate the Society on this splendid paper of Mr. 
Bloom’s. There is a lot of real thought in this paper. I would just like to em- 
phasize one or two things that Mr. Bloom brought out. He spoke of the theatre 
owners and the early work that was done in cooling the building. Unfortu- 
nately, the theatre owners and operators are artists. They know about the box 
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office and they know about the stage or the screen, but they know very little 
about human comfort. They are advertisers; they want to impress the public 
with the fact that they have a cooling system, and as a result they have greatly 
injured the cooling industry because people have reached the point of thinking 
that they are going to have pneumonia every time they go into a cool theatre. 


It is not a question of what is the most comfortable effective temperature. It 
is a question more of its relation to the outside condition. If we will go into a 
cooled room and stay for some time we may find a very much lower effective 
temperature is comfortable than is anything like comfortable when we first 
enter. That is, in cooled places, we have to watch for shocks, both as we enter 
the building and as we leave it. 


Usually in warm weather, there is more or less perspiration carried by our 
clothes; we go into a room with a lower humidity than that existing outside, 
and with somewhat lower temperature, and there is immediately a very rapid 
evaporation from our clothes which gives a very unpleasant chilling effect ; and 
then after we have become acclimated to the internal conditions and we go out- 
side, it is just like being hit in the face with a bottle of hot water or something 
of that sort because of the shock of the high temperature and the high humidity 
from outside. There is a factor that we have to take into account, and one in 
which I do not believe any real determinations have yet been made as to what 
we should have. I am quite sure that we should have effective temperatures 
higher than the effective temperatures of maximum comfort for summer time 
conditions. 


Then Mr. Bloom has brought out the question of using high pressures. Some 
work has been done along that line. There are quite a number of installations, 
not to the extreme yet, that he has suggested, but using pressures of several 
inches, water pressure, instead of 1 lb as he suggests, using a very small 
amount of air per occupant, and those installations are probably among the most 
successful that have been installed. That kind of system for the type of building 
that he was discussing, a high office building, is quite essential because of the 
size of ducts reduced to the point where you can install them, but more than 
that is the fact that such a system lends itself so much better to control—I mean 
to distribution and the regulation of the amount of air that is to be given to 
each room. 


The ordinary ventilating system on a high building of that type may be per- 
fectly balanced and somebody opens the window and two or three other people 
shut off the air supply, or something of that sort, and it is all out of balance. 
With the higher pressures it is not so easily disturbed. 


It was an awful indictment that Brother Hallett brought on St. Louis, of all 
the deaths they have there from high temperature. I was surprised that he 
would admit that St. Louis had any shortcomings. 


He spoke of ten days’ loss of school, actual shutdown. If he made a study of 
it, I will prophesy he will find the ten days’ loss was a small percentage of the 
loss of close application, of real work, on the part of the children in the school 
on the days when they did operate, but when the conditions were such that the 
children were nervous and fidgety and didn’t apply themselves to the work. 


Now, we have found that in offices, in factories, various places, where the effi- 
ciency, even on days when you could operate, has been so greatly increased that 
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it would readily pay for the addition in cost of a cooling system over that of 
what an ordinary ventilating system would require. 

Referring to Mr. Tomlinson’s remarks, I might say that this question of hav- 
ing proper conditions at home has received a great deal of study by many 
engineers. There are equipments now being built that not only control the tem- 
perature and humidity and air motion, but in which the pressure within the 
rooms can be regulated from a 20-in. barometer to a 40-in. barometer, with the 
humidity and temperature regulated and in which ultra-violet rays or red spec- 
trum rays are applied. 


Dr. E. V. Hitt: This is certainly a fine paper and a-very interesting dis- 
cussion. There are some points in it that I wish to emphasize, although I do 
not feel that I can add anything of material value. In the first place, I hope 
you will pardon me if I call attention once more to the fact that no one, so far 
as I know, has used the term “fresh air” in any of these discussions. 


You still laugh at that. This is the fifth year I have been talking about it, 
and we have pretty well put the message across. When you quit talking about 
fresh air, when you quit thinking about the wonderful condition of nature and 
how futile are the efforts of man, then you begin to get somewhere with air 
conditioning. 

Now, the point in this paper that struck me at once was the suggestion made 
by Mr. Bloom that you introduce enough air from the outside to take care of 
the leakage into the building. When you begin to do that, you have forgotten 
that you need fresh air, and I think that his position is 100 per cent sound. 


Another thing I want to speak about is that we heard a paper yesterday that 
blazes a new trail in heating. At the last meeting of the Illinois Chapter, Mr. 
Hartman spoke on ionization, all of which impresses me with the wonderful 
awakening of this Society to the great possibilities that lie before us. Forget 
that the outdoors is the ultimate desirable condition; realize that we can make 
conditions inside a whole lot better and a whole lot more healthful. 


Some years ago, when I was in the city service, Dr. Robertson was Chair- 
man of the Municipal Tuberculosis Sanitarium, and I suggested to him that we 
could construct a sanitarium for the treatment of tuberculosis with air condition- 
ing that would be far superior to any haphazard conditions we might find out 
of doors, and it would be in effect 24 hours a day, 365 days in the year. 


He was convinced of that, and began the necessary maneuvers to get an ap- 
propriation to build an air conditioned hospital for the treatment of tuberculosis. 
Unfortunately, the political situation changed about that time, and it was lost in 
the shuffle. However, I think, as one gentleman just remarked, that is the next 
thing. 

One thing more I want to say; I was down to St. Louis a few days ago with 
Mr. Hallett, making some tests in some of the St. Louis schools, and I was 
impressed again with the excellent air conditioning in those schools, where he 
is recirculating I guess 90 or 95 per cent of the air, and ionizing it. He says 
ozonizing, maybe it is, maybe it is ionizing; I don’t know what it is. A good 
many in this Society following the lead of Jordan and some of the great lights 
in chemistry, who have rather turned up their noses at ozone. 

However, we have to appreciate the wonderful possibilities, of ionization or 
whatever it is, but let’s get into the habit of thinking that we can make air 
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conditions better indoors than we have outdoors. I am firmly convinced that 
is the truth. 

There are lots of reasons for so believing. Take the general health, the stature, 
the intelligence of the people living in the city today, and it is far superior to 
that of the people in the country districts. Of course, there are other reasons. 
Our problem—and it is not so far off in solution—is to improve upon what has 
gone before. 

S. C. Btoom: I cannot add anything to the discussion. It is a great satisfac- 
tion if this paper has stimulated thought on the problems which face us in the 
application of cooling to buildings generally. 

I want to say that I feel that we are going to be face to face with the necessi- 
ties of that situation perhaps sooner than most of us think, and we do not want 
to be caught unaware. A great many of us are giving some thought to this and 
if we would design in our minds the kind of cooling system that each of us 
would apply, out of the mass there should come some good ideas. 

As to Dr. Hill and his remarks about “fresh air”—I am willing to admit that 
in preparing this paper every time I came across a sentence where the term 
might be used and I was tempted to use “fresh air,” I did not use it. 











XUM 





No. 835 


SEMI-ANNUAL MEETING, 1929 


OR the first time in the history of the A. S. H. & V. E. a meeting was 
Pree outside of the U. S. A., when the semi-annual gathering was enter- 

tained by the Society’s Ontario Chapter at Bigwin Inn, Lake-of-Bays, 
Ontario, Canada, with 380 present. 

Definite forward progress was made in the solution of the boiler testing and 
rating problem, a code for testing and rating unit heaters is in prospect, and 
regulations for the heating and ventilating of garages were adopted so that 
the Semi-Annual Meeting 1929 can be put on record as one of progressive 
action. 

The Semi-Annual Meeting of the Society was called to order by President 
Lewis on Wednesday, June 26, and M. Barry Watson, president of the Ontario 
Chapter, welcomed the members to Canada for the first meeting of the Society, 
outside of the United States. In response, President Lewis voiced the appre- 
ciation of the Society for the splendid work of the Ontario Chapter members 
and said it was fitting that a scientific Society should not be restrained by 
national borders. President Lewis said that science is international and men 
engaged in the same profession are brothers no matter where found. 

D. E. French reporting for the Committee on Code for Testing and Rating 
Unit Heaters which had been working jointly with a Committee of the Jndustrial 
Unit Heater Association in the preparation of this Code, stated that the joint 
committee had prepared a Code for Testing and Rating Steam Unit Heaters and 
it had been presented to the Industrial Unit Heater Association on June 25 with 
the result that the association accepted the report of the joint Code Committee, 
with certain changes agreed to by the Committee, as an amendment to the rules 
for testing and rating which the association had previously adopted. The Asso- 
ciation recommended that all member companies put the prescribed test pro- 
cedure in use for trial and suggested that the present committee be continued 
so that it might present the Code for adoption at the /ndustrial Unit Heater 
Association’s meeting next January and revised to include any improvements 
that might result from the experience of members who use it. 

Mr. French pointed out that in view of the action of the Jndustrial Unit 
Heater Association in adopting the report of the joint Code Committee as a 
tentative standard, the joint committee desired to report this action to the 
Society and felt that it would be ready to present a Standard Code to the mem- 
bers at the January 1930 meeting. 
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Report of Endowment Fund Committee 


The Secretary, A. V. Hutchinson, read the report of the Special Council 
Committee relating to a proposed Society Endowment Fund which had been pre- 
pared and sent out to all Society members prior to the Summer Meeting. 


May 24th, 1929. 


To THE MEMBERS OF THE AMERICAN Society oF HEATING AND 
VENTILATING ENGINEERS: 


At the Semi-Annual Meeting of the Society, June 26, at Bigwin Inn, Lake-of- 
Bays, Ontario, Canada, the report of a Special Committee of the Council, relating to 
the creation of a Society Endowment Fund, will be presented for the approval of the 
A.S.H.V.E. members. 


The Committee, A. C. Willard, Chairman, John Howatt and W. T. Jones, was 
appointed by resolution of the Council March 8, 1929, and the Council received the 
report of the Committee and approved it at the May 13, 1929 Meeting. 


The report of the Committee and the resolutions of the Council follow: 


THE SOCIETY ENDOWMENT FUND 


(1) In order to conserve certain specified profits accruing to the Society from certain of 
its agreements anJ activities, it is proposed to establish a Society Endowment Fund? to be ad- 
ministered solely by the Council as a Depository for the net profits from the agreement with 
Domestic Engineering Publications dated January 10, 1929, and such other balances, receipts, 
donations and bequests as may be received from time to time and specifically designated by the 
Council of the Society to be paid into the Society Endowment Fund. 

(2) This Fund is to remain for all time a permanent endowment fund, and only the income 
from the Fund may be devoted to such activities, purposes or uses of the Society as the Council 
may approve by a favorable formal vote of not less than three-quarters of the entire Council 
membership. 

(3) The income from the Fund remitting from the agreement with Domestic Engineering 
Publications is to be restricted entirely to the research activities of the Society and can be 
applied to no other purpose except by formal action of the Council in the manner already 
indicated in paragraph (2). 

(4) This proposal is to be sent by mail before June 1, 1929, to the entire membership of 
the Society as a recommendation of the Council, and is to be voted on at the June 1929 meeting 
of the Society. 


April 30, 1929. 


Submitted by the 
ComMiITrEE ON ENnpOwMENT FuNnD 


on Howatt, 
. T. Jones, 
a. SC. illard, Chairman. 


On motion of Mr. Langenberg, seconded by Mr. Carrier, it was 


VOTED: That the report of the special committee be accepted and that the Trustees 
to administer the fund be the President of the Society, the Treasurer and 
the Chairman of the Finance Committee. 


and it was further 


VOTED: That this report be placed before the Semi-Annual Meeting, 1929, with 
the Council recommendation of approval. 


TuHornton Lewis, A. V. HutcHInson, 
President. Secretary. 


1 This new fund is not to be confused in any way with the present Research Laboratory En- 
dowment Fund, which is entirely separate and distinct from the new Society Endowment Fund. 
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President Lewis stated that the report was before the meeting for discussion 
and called attention to the action taken by the Council. 


Summarizing the points which had been considered by the Council, President 
Lewis stated that it was felt unwise to designate the income for use entirely for 
Research Laboratory activities and for that reason, it was thought desirable 
that an Endowment Fund be set-up leaving it to future Councils to appropriate 
the income for any purpose which might be desirable. While it is the Council’s 
function to appropriate moneys belonging to the Society for any purpose, the 
members felt it advisable to get the advice of the Society to find out the wishes 
of the members. The Council will obtain legal advice when it formally acts 
in this matter. 


After a lengthy discussion, W. H. Driscoll said that the resolution was laud- 
able in its purpose but it would be questionable for the Society to go on record 
in favor of the resolution as drawn or on a substitute resolution with any idea 
of summary action in disposing of the matter. The legal aspects of the problem 
should be seriously considered. He suggested that the matter of establishing 
an endowment fund be referred back to the Council so that if in its wisdom and 
judgment of the Council determines that it is advisable to establish a fund it 
could have definite recommendations available for members prior to the Phila- 
delphia Meeting and take action in January. 


This was made as a motion and seconded by John Cassell and unanimously 
passed. 


L. A. Harding, Buffalo, reported as Chairman of the Continuing Committee 
on Codes for Testing and Rating Steam Heating Solid Fuel Boilers and said 
that three definite items would be brought before the meeting. 


First the Committee requested approval of some slight changes in the A. S. H. 
& V. E. Standard and Short Form Heat Balance Code for Testing Low Pres- 
sure Steam Heating Boilers, designated as Codes 1 and 2. The changes recom- 
mended by the Committee were the definitions of the term “grate area” and of 
the factor of evaporation. 


Mr. Harding explained that, in view of the Society’s expressed attitude rela- 
tive to the rating of boilers on the basis of tests, it was necessary to have a 
satisfactory performance code and as the heat balance codes are not well 
adapted for rating tests, a little different form designated as A. S. H. & V. E. 
Performance Code for Testing Solid Fuel Boilers (Code No. 3) was submitted. 
This Code he said is identical except in one or two minor cases with the 
Standard Boiler Code recently adopted by the National Boiler and Radiator 
Manufacturers’ Association. 


The reason for the slight changes made by the Society is to put this Code in 
conformity with the values used in the Code of Minimum Requirements for the 
Heating and Ventilation of Buildings, where the latent heat of evaporation is 
given as 971.7 as compared with the value used by the manufacturers of 970.4. 


On motion of R. V. Frost, properly seconded, the revisions of Codes 1 and 2 
were unanimously adopted. 


Motion for the adoption of Code 3 was made and seconded and unanimously 
carried. 
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STANDARD AND SHORT FORM HEAT BALANCE CODES FOR TESTING 
LOW-PRESSURE STEAM HEATING SOLID FUEL BOILERS 


AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 
Codes 1 & 2 


REVISION OF JUNE, 1929 


I. INTRODUCTION 


HE purpose of the Standard and Short Form Heat Balance Codes for Testing 
Low-Pressure Steam-Heating Boilers is to provide a standard method for con- 
ducting and reporting tests to determine the heat efficiency and performance char- 
acteristics. The Code recognizes that tests of boilers may be made under different 
conditions, for different purposes, and with complete or limited facilities for conducting 
the test. It is designed to cover the determination of a complete heat balance; if a less 
complete test is required to satisfy the objectives of the test, observations not required 
can be omitted. 
Two codes for recording data and results are included: 


Code 1, Standard Form, Solid Fuels, is arranged for recording the full data 
called for by this Code. 


Code 2, Short-Test Form, Solid Fuels, is for tests in which a complete heat 
balance is not desired; the following determinations are not required. 
Proximate analysis of fuels, except as required for record, or for new-fire 
method. 

Ultimate analysis of fuel. 

Complete flue gas analysis; COs is required for record. 

Determination of combustible in refuse may ‘be omitted if loss to ashpit 
is not required. 


II. DeEFInitTIons 


(a) Grate Area—The purpose of defining grate area is to fix the area which 
shall be used when estimating the rate of burning the fuel. The grate area shall be 
expressed in square feet and shall be construed to mean the area of the grate surface 
measured in the plane of the top surface of grate. The grate area of special furnaces, 
such as those having magazine feed, or special shapes, shall be the mean area of the 
active part of the fuel bed taken perpendicular to the path of the gases through it. 
For furnaces having a secondary grate, such as those in double-grate down-draft 
boilers, the effective area shall be taken as the area of the upper grate plus one-eighth 
of the area of the lower grate, both areas being estimated as defined above. 


(b) Combustion Rate—Average combustion rate per square foot per hour of a 
solid fuel for a given period of operation shall be the weight of fuel burned during that 
period divided by the product of the grate area in square feet and the number of hours. 


III. Set-up or Borer to Be Testep 


(a) The Boiler—lIf the boiler is set up for the purpose of testing, it shall be 
assembled according to manufacturers’ directions. 


(b) Boilers already installed shall be arranged to comply with the following con- 
ditions as nearly as possible, or as shall be agreed to by all interested parties. 


(c) Boiler Covering—tThe boiler should be covered with such heat insulation as 
is recommended by the manufacturer; if tested uninsulated or party insulated an 
allowance shall be made for that portion of the heat lost from the bare iron steam sur- 
face which might have been saved by covering; the allowance shall be computed from 
the formula given with the tables of this Code. 


(d) Steam Outlet Piping—All steam outlet pipes from the boiler shall always 
be well covered, up to and including the steam separator. 
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The vertical outlets from the boiler leading to the separator shall be in number, 
arrangement and size according to manufacturers’ directions and shall not rise verti- 
cally from the boiler nozzle more than 5 ft before entering the steam separator. 

The steam piping leading from the separator shall have a slope so that water con- 
densed in it will drain away from the separator. The drain pipe from the steam sepa- 
rator shall include a U-leg sufficiently long to prevent the steam blowing out, and with 
a short inverted U-leg at the outlet end so that the drip may be caught in a container. 

The steam valve on the boiler steam outlet piping shall be placed beyond the steam 
separator. 


(e) Feed Water Piping —The feed water pipe should connect to the boiler where 
the returns would normally come. The temperature of the feed water shall be read 
from a thermometer inserted in a cup projecting well into the feed line near the boiler 
and filled with a heavy oil. A valve shall be placed on each side of the above-mentioned 
cup. The valve between the cup and boiler shall serve as a shut-off valve. The valve 
between the cup and feed water supply shall be used as a regulating valve only. It is 
recommended that this valve be an automatic one for maintaining a uniform water 
level in the boiler. If only one valve is used, it shall be placed between the cup and 
the boiler. 

All boiler-water connections, including blow-off pipes, must be exposed to view, 
so that leakage may be observed and either stopped or measured. 


(f) Water Gage Marking.—The water gage shall have a permanent mark to 
indicate the water level recommended by the manufacturer; if there is no permanent 
mark, for the purposes of these tests, a mark corresponding’ to the level recommended 
by the manufacturer shall be put on the water column gage glass. 


(g) Smokehood Connections.——The boiler shall be connected with a short, direct 
smoke-pipe to a chimney flue of suitable size, height and construction to give proper 
draft. All joints shall be thoroughly sealed and maintained so during the tests. 

The smokehood and the smoke flue shall be insulated with not less than 1 in. thick- 
ness of insulation; the smoke-flue insulation shall extend at least one equivalent flue 
diameter beyond the point where the flue-gas temperature is measured. 

There shall be no check draft damper between the boiler and the point where the 
flue-gas sample is taken or the flue-gas temperature measured; if one is incorporated 
in the boiler it shall be thoroughly sealed during all tests. 

The choke damper, if incorporated in the boiler, shall be put in place, opened wide 
and kept so during all tests. A choke damper shall be placed in the smoke pipe be- 
tween the chimney and the point where flue-gas measurements are made. This shall 
be called the regulating damper. A check damper may be placed between this damper 
and the chimney if desired. 


(h) Chimney.—This code allows that the draft may be produced by a chimney 
or by a fan or other arrangement for providing induced draft; there shall, however, 
be a suitab'e damper or by-pass in the test flue or chimney that will permit of the draft 
at the regulating stack damper being reduced to a little above that required for the 
output of the test which is being made. 

(i) Cleaning of Boiler—The water spaces of the boiler shall be thoroughly boiled 
out with a solution of sal soda, caustic potash or caustic soda and then thoroughly 
rinsed with clean water. 


The heating surface, firebox, ashpit, flues and chimney shall be clean and free 
from soot, ashes and dust at the beginning of the test. 


IV. INSTRUMENTS AND MEASURING APPARATUS 


(a) Steam Output—The weight of water evaporated may be determined either 
by condensing the steam and weighing the condensate, designated as Method A, or 
by weighing the water fed to the boiler, designated as Method B. 


Method A.—Water shall be fed to the boiler without being weighed. The 
steam after passing through the separator shall be led to a condenser through a 
connecting steam pipe sloping toward the condenser. The condenser shall be 
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so set up that all the condensate will drain quickly to the outlet. The condensate 
shall be caught in suitable tanks and weighed. 

The condenser shall be the closed type, preferably with outside joints, and of 
sufficient capacity that the temperature of the condensate shall not exceed 150 
F. Before each test it shall be tested for freedom from leakage by putting it 
under full water pressure. 


Method B.—The weight of water fed to the boiler shall be determined in an 
accurate and suitable manner. The most convenient weighing arrangement de- 
pends on the size of the boiler, but it shall be such that the weight fed can be de- 
termined at any instant. The use of tanks calibrated for the weight of water 
they hold at the temperature of the feed is permissible. 

The water may be fed to the boiler by gravity, air pressure or feed pumps; 
there shall be no leakage between the measuring tanks and boiler. 


_ (b) Weighing Scales.—Accurate scales of suitable size shall be provided for 
weighing separator water, feed water, fuel and all refuse removed from grate and 
ashpit. 


(c) Draft—Three draft gages shall be provided and so arranged as to determine 
the pressure difference between the room atmosphere and the ashpit, the firebox and 
the smokehood. Draft measurements shall be made with draft gages reading to 0.01 
in. Draft gages shall be checked for zero reading each hour. 

The smokehood draft shall be measured at least one pipe diameter before the regu- 
lating stack damper. The connection into the stack flue shall have its end square and 
shall be set at right angles to the flow of the gases. A one-eighth in. iron pipe is a con- 
venient size. 


(d) Steam Separator.—The steam separator shall have sufficient volume to catch 
slugs of water and to prevent their passing into the steam line; it shall also efficiently 
separate entrained water from the steam carrying it. 


(e) Temperature Measurement.—Accurately calibrated instruments shall be 
provided for measuring temperatures of gases, water and steam. 

A mercury thermometer is preferable for measuring feed water temperature. It is 
recommended that thermocouples, in preference to other types of thermometers, be 
used to measure the flue-gas temperatures. The temperature shall be measured in the 
smoke pipe not less than one pipe diameter beyond the smoke-pipe collar. The thermo- 
junction or bulb of the thermometer shall be placed at the center of the pipe. The 
—— used with the couple should be sensitive to at least 5 F and have a range up 
to 1 ; 


(f) Gas Analysis ——The sample for gas analysis shall be taken from the smoke 
pipe at the point at which the temperature is measured in such a manner as to give a 
as average sample of the gas stream. An orsat or equivalent gas analyzer shall be 
used. 

An open end % in. iron pipe reaching 4% way across the flue pipe is usually satis- 
factory but the probable mixing of the gases should be considered and the open end 
so placed as to be in the average gas stream. For gas temperatures of over 750 F the 
portion of the collecting pipe extending into the flue should be clay or silica because 
the iron at this temperature may reduce CO: to CO. 


As an average value for the test period is desired, the correct and simplest method 
is to collect samples of the flue gas at a constant rate into a bottle, and to take the 
samples for analysis from these bottles. Each of such samples shall be collected for 
the same length of time and their analyses averaged. 


If recording gas analyzing instruments are provided, they shall be checked every 
hour with the orsat or other manual apparatus. 

(9g) Smoke Readings—Smoke readings shall be made by the Ringelmann Chart 
Method. 

(h) Pressure Readings—A calibrated steam gage or a mercury column shall be 
used for determining the steam pressure. 





XUM 






ees 





Wiinaa 





Sem1-ANNUAL MEETING, 1929 325 


V. Fuet SAMPLING 


(a) At regular intervals, during the progress of the test, fair samples of the fuel 
shall be taken with a shovel, stored in a covered vessel in a cool place and after crush- 
ing and quartering, two one-pint glass jars or other airtight vessels shall be filled. The 
small samples shall be preserved for determinations of the proximate analysis, ultimate 
analysis and calorific value. For small boilers the total sample for each test shall be 
= 7 than 100 Ib, otherwise the sample shall be approximately 10 per cent of the fuel 

red. 

(b) After it has been weighed, the refuse taken from the ashpit and grate shall 
be reduced by crushing and quartering to a quantity sufficient to fill two one-pint jars 
or other airtight vessels for determining its combustible content in the laboratory. 
Care must be taken to crush and quarter the coal, ash and refuse on a clean floor. Pre- 
caution should be taken to see that the ash and refuse does not burn after removal 
from the grates or ashpit. 


For large boilers which are cleaned down to the grates, the large clinker masses 
may be separated from the other cleanings and not included in the crushing and 
quartering process for obtaining a sample. The respective weights shall be determined 
and recorded. 

VI. Duration or Tests 

(a) The duration of tests shall be based on the firing of the minimum quantity 
of fuel to make the quantitative errors comparable for all tests. Every test shall in- 
clude at least one complete cleaning of the fuel bed. 

(b) Tests using the new fire method shall include at least two complete firing 
periods and the firing of at least 100 Ib of fuel, excluding the kindling, for each square 
foot of grate area. 

(c) Tests using the continuous firing method shall be run until at least 140 Ib 
of fuel has been fired for each square foot of grate area. 


VII. New Fire Metuop or STARTING AND STOPPING TESTS 


(a) The new fire method of starting and stopping tests may be used on any boiler 
having not over 8 sq ft of grate area when burning anthracite or coke. 

(b) A preliminary fire shall be made and the boiler operated under test condi- 
tion for at least one hour before starting the test. The preliminary fire shall then be 
dumped and the ashpit thoroughly cleaned. A weighed quantity of dry wood shall be 
placed on the grate and kindled. The wood shall be considered as having a heating 
value of 5000 Btu per pound. The test shall be considered started at the time of 
lighting the fire. The total weight of fuel to form the complete first firing shall be 
charged in two portions, one-third onto the kindling wood, and the remainder within 
30 min after the start of the test. 

(c) Before the test is ended the fire shall be thoroughly cleaned and all ash and 
refuse shall be taken from the ashpit, weighed, sampled and analyzed for combustible. 

(d) At the end of the test the fire shall be dumped. The residual fire when 
dumped shall be promntly placed in tightly covered cans, weighed and left to cool. 
After cooling it shall be sampled and the sample sent for a determination of its heat 
value. The total fuel fired shall be taken as the total weight of fuel exclusive of the 
wood to which shall be added the fuel equivalent of the wood and from which shall be 
subtracted the fuel equivalent of the residual fire. 

(e) The height of water line in the gage glass shall be recorded after the residual 
fire is dumped. If this height differs from that recorded after the dumping of the pre- 
liminary fire, the weight of water corresponding to this difference in height shall be de- 
termined and the weight of water fed or evaporated corrected for that amount. 

(f) The method of recording the data and the computations for the procedure 
specified in the above are given under the new fire section of Table 1, Standard Form, 
of this Code. An alternative procedure is the same as previously outlined except that 
the residual fire is only weighed and no calorific determination is required. It requires 
only the calorific value and the proximate analysis of the fuel. The method of record- 
ing the data and the computations are given under the new fire section of Table 2, 
Short-Test Form. ; 
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VIII. Continuous Firinc MetrHop or STARTING AND STOPPING TESTS 


(a) A preliminary fire shall be made and the boiler operated under test conditions 
not less than one hour before starting the test. The fire shall then be burned low, 
thoroughly cleaned and the remaining live fuel spread evenly over the grate as the 
foundation for the first test fuel charge. The thickness of the fuel bed and the extent 
to which it has been burned through shall be quickly measured and recorded. The 
height of water line in gage glass shall be noted and recorded. The test shall start at 
the time of making these observations. A weighed charge of fuel shall be immediately 
fired and recorded. The ashpit shall be cleaned and the cleanings discarded. 

(b) At the end of the test the fire shall be burned low and cleaned so as to leave 
the same amount of live fuel on the grate as at the start. When this condition is 
reached and the water level in the boiler is at the same height as at the start, record the 
time, and this time shall be the time of stopping. The contents of the ashpit shall be 
removed promptly on stopping, and placed in airtight cans, weighed and left to cool. 
The boiler shall be charged with all fuel fired during the test. 


IX. Metruop or Conpuctinec Tests 


(a) The steam pressure shall be maintained at 2 lb unless the purpose of the test 
requires operation at some other definite pressure. The water level in the boiler shall 
be maintained constant during the test. 

(b) Observations —Weight of fuel and times of firing shall be recorded. The 
records of water fed or condensed shall be made as required by the weighing system. 

It is desirable to determine the weight of water fed or condensed each hour to 
check the rate of steaming. 

Observations of drafts, pressures and temperatures shall be made regularly during 
the test at least every 30 min. Separator water shall be weighed every hour. 

Flue-gas analyses shall be made on samples collected for 30-min periods for high 
and for one-hour periods for low rates of steaming. 

Smoke readings shall be made at least every 30 count over a period of time suffi- 
cient to show the performance under all typical conditions. 

(c) Fuel Charge—The weight of fuel charged at each firing, and the method 
of firing, shall conform to the manufacturer’s instructions or to agreement between 
interested parties. 

(d) Attention to Fire——Attention to fire shall be considered as any one of the 
following: Firing, Stoking, Leveling, Shaking Grates, Cleaning Fire. Several of these 
operations performed at the same time shall be treated as one attention. 


Code No. 1 
Standard Form 
TABLE 1. DATA AND RESULTS OF TEST—SOLID FUELS 


GENERAL INFORMATION 


ee I NE i Gs chee de ke ADM RWS Cate MEE Os Kd CRC CR awe oe 
Be I Shak og rd ha se te eS ada S ciciant ag 6s Caneel Maas SER Cee EE Ae ead 
3. Maker and Catalog Designation of Boiler ..........0.ccccccccccccccecccce 
I ois ad's 5's din ado Sik ga au@slded's eas kak eeu enbvontd ahi sated sq ft 
I TIE as ccna cacdag sd non wiadpaged pe tedadagewe iis tedenain hour 
Fue 
MEE sckhetttarseennedsanurspuiwedess roads wat has tee kneke Coden eet 
AR RR epee ORE Sree fF aee a Caprese ame ees eT fe Nery ee ee 
Proximate Analysis, as fired: 
ESR SS eee cies Meet ADEE WS Cee me Si TOY ETT per cent 
i) as Ces cnn cede eked Sadun n ck aidadede Bi aed inh beekee per cent 
it NN NE 2 ihi.'s ca had dakdctaBs Ucmxiadcae RURaa Mone es eke Wee per cent 


id PN PRES a a eke aR Raid dah tors hme scnvaeiidael cans anaes cinwliens aoe per cent 
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Ultimate Analysis, as fired: 


Be I, hd cccnctwddeedgslepaesas DR das san esa sei accee ters eas per cent 
Be MEE isso back spud oatGumames Saeee peed cea Cee ue meee meee per cent 
Wb SEE 50558 Conese condbban ehkaeies ReetAE ae ee Ee ha cae k eeknee per cent 
agg SNe Peer eee ent ore 3 ne a fig Me, ERI oT ee Eta pak per cent 
16. a FRET See TORE ET eT TEE TEE eh. OR etry pee OY per cent 
Se GPL POO OO AE i BI ON LO PELE MRI PM he per cent 
18. Heating Wee Ste Tm Ob PO. 5 oss ccock s cwaneck soa bacsreiseo een Btu 
19. Total Fuel Fired during CR AIMEE IRENE. Se SPE aed BON =m Ib 
ee I ee oi baa 55 Seb cand bowen ceaon ceeis nc cpaenaeliae Ib 
21... Prwernme Tebewal Rete Pai oan n. sais o5 ccc ise ssecnsicccsnncwosen hour 
22. Average Interval between Attention to Fire......... AcGdiae sake alee hour 
ASH AND REFUSE 
23. Total Weight of Ash and Refuse Removed..............ccccccececcccces Ib 
i GOMES Se FUE BIN I ohne cise ios eczcavncscecsansicatees per cent 
2a: Carbon Burned per Pound of Fitl as Fived ......ccccscccccccsssacecesss Ib 
Drart 
Be: RN Wk I oko nn ka dcc 4 deeudiaws cdbceve has Sue io vec otencee dma in. water 
. ae SR Seer ee ree Serer Se ror ree in. water 
ee Oe I an ethan bcc Bed satcceresaneantscnawke in. water 
Five GASES 
ee SA I: Soa sc caecersseuncnasideabdolkatene Vesd uve ee per cent 
PR Re pre arr pe ora ey mT eee pr re per cent 
es. Se DID 2 cade con dbs eden ces neuadiwsewdies neta nimi per cent 
2 De ES OU Sag ain Snniciawis goa ensedal eas emmensaiin per cent 
33. Temperature of Flue Gases Leaving Boiler................cccecccescees F 
56. "Fomine 66 Air Tor Can socio oa 0h Se Saas adovcndinstcss vanes F 
35: ' Dee Pine Ge pee. Pound of Pratt, 06. Fired so os. 6.0 60. 6 cine ncecavsswageucen Ib 
STEAM AND FEED WATER 
56: Shenmes Peasste ter Gor. Wael kis. oko a i6c si ici sck Sie ncces Ib per sq in. 
37. Temperature of Feed Water Entering Boiler..................eeeesseeees F 
Oe: ROCHE WHGeee CE WV ONee FOR 00 Wee caine oi. 6k on vin bc bs cca cnmawcsanencins Ib 
SD: Total Welaist of Water trie Bape oo. skies sce s ces kccccsedcnctue Ib 
Me Poscedtame GF Maisare th SHARIR 5 5655 oso seckck es ccccentcssecesee's per cent 
Se ER. I I i i.e 5h 6 5 gS cKS Oe eka ce eee teseeaeees Ib 
Tek. SE WN PIII oo snwk ose nas Mad okde ds cied ea cea euase cascneserenaee 
Hourty Rates 
43. Fuel Burned per Sq Ft of Grate per Hour as Fired..................... Ib 
44. Equivalent Rate of Combustion of 12,500 Btu Fuel/Sq Ft Grate/Hr...... Ib 
SE: Aetee Wiiet EMEGOCRIOE GEE TEAM 6.605 cocks ccc ceeatiiecsenstscsnate Ib 
46. Correction for Uncovered Boiler per Hour..................eeceececece Ib 
47. Total Equivalent. Evaporation per Hour .........ccscccccsccsccseesces Ib 
Output 
48. Output in Btu_per Hour.............sseeeeeseeseeeeeeeeeeeeeeseeees Btu 
4... Chatgut tn. Sa Ft of Stents Teh c coi ise isis cee cewee eee sq ft 
50. Actual Evaporation per Pound of Fuel, as Fired..................e000% Ib 
51. Equivalent Evaporation per Pound of Fuel, as Fired................... Ib 


Heat BALANCE 


Heat Transferred by Water (efficiency of boiler, furnace and grate) .per cent 
Heat Carried Away by Steam in Flue Gases............-.eeeeeee: per cent 
Heat Carried Away by Dry Flue Gases ............ccccccccsscces per cent 
Heat Lost by Not Burning Carbon Monoxide.............++0++0.- per cent 
Heat Lost by Not Burning Combustible in Ash................04. per cent 
eae Srna Sia a rt cs ota cand caine do eae aad per cent 
EGiciesicy ot Boer ar Parnes oe ooo s.d.c scans nase s uddies aces cs per cent 


Additional Items, for Use Only with New-Fire Method of Starting 
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Fue. Usep 
a Pe ae eee Ser ee |v .onu ics tacescesscivcsesgansssaasrenses Ib 
EO a dd cidade ada hineke migde ten nbasauhaiees Ib 
61. Total Fuel Fired during Test, Exclusive of Wood............eeeeeeess Ib 
62. Total Equivalent Fuel Charged during Test...............ceseeeeeeees Ib 
= 9 ¥ £ 9 & Rarer tery yee rer rr rs > Ib 
64. Heating Value per Pound of Residual Fire...............e.eeeeeeees Btu 
ey Or I, gs cc av ckn ee incndedncinenuinegssdsioas Ib 
IE NEE RE GIN OD og. 6.c.ccc cscs tincncdpwececasddéscenens Ib 


CoMPUTATIONS FOR TEST OF STEAM HEATING BOILER FoR TABLE 1 
EXPLANATION OF Sy MBOLS 


Wherever COz, O:, CO and Nz are used they are the percentages by volume of 
these constituents in the gases of combustion. 


A, = the allowed projected area of uncovered metal steam-heated surface 


H = total heat (in Btu per lb) of saturated steam at the boiler outlet pressure 
h.= total heat (in Btu per lb) in feedwater at boiler inlet 

L = latent heat (in Btu per lb) of steam at the boiler outlet pressure 

t,.= temperature of steam and boiler outlet pressure 

t,, == temperature of feedwater and boiler inlet 


FoRMULAE AND NOTES 


Item 19 = When tests are made by the new-fire method, the value given by /tem 66 
is to be used for Jtem 19 : 

Item 20 = Weight of fuel fired during test (minus 1/3 charged in first firing in new- 
fire method) divided by number of firings 


Item 21 = Total time of test divided by number of firings 
Item 22 = Total time of test divided by number of attention periods. 
—_ Item 13 a Item 23 & Item 24 
100 100 & Item 19 
3 (CO: + CO) 
Item 38 = (When condenser is used) weight of water condensed + Jtem 39 
Item 40 = Item 39 < 100 
Item 38 
Item 41 = Item 38 — Item 39 
Item 42 Ett te (for saturated or wet steam) 
971.7 
Item 19 
Item 4X Item 5 
oe Item 43 < Item 18 
12,500 


Item 45 —ltem 41 
Item 5 


Item 4 = —!3__.(T, — Item 34) X Aw 








Item 43 = 








Item 47 = (Item 45 X Item 42) + Item 46 
Item 48 = Item 47 X 971.7 











XUM 
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Item 49 — Item 48 














240 
Hem Wan Item 41 
Item 19 
Item 51 — tem 47 X Item 5 
Item 19 
Item 52 = Ltem 51 X 971.7 x 100 
Item 18 
Item 53 = 2X (1089 + 0.46 x Item 33 —Item 34) X Item 12 
Item 18 
Item 54 — Ltem 35_X 0.24 (Item 33 — Item 34) X 100 
Item 18 
co 


————_—— X Item 25 X 10,150 « 100 
Item 55= CO: + CO 





Item 18 

a Item 23 X Item 24 & 14,540 

Item 19 * Item 18 
Item 57 = 100 — (Item 52 + Item 53 + Item 54 + Item 55 + Item 56) 
— = Item 52 X 100 

100 — Item 56 

oe Item 59 « 5000 

Item 18 
Item 62 = Item 60 + Item 61 
eisai 65 — ltem 63 & Item 64 

Item 18 
Item 66 = Item 62 —- Item 65. This value to be used for Jtem 19 








CODE NO. 2 
Short Test Form 
TABLE 2. DATA AND RESULTS OF TEST—SOLID FUELS 


GENERAL INFORMATION 


NE Sere eet IY rer ee ry pene PR CnbEe ret foray" 
Te I I Nc 4 dcrwn asda a mitten Sa RR ATA sak cia gel baht Oa SR GLA A Gis hes ARR 
3. Maker and Catalog Designation of Boiler... .........scccccccccesccsccece 
Bi MES os cacies cxkks Seeks neeheGaae sed yen adecnest biads enue sq ft 
Ti RG ND oct vaca habanes gas sacsatsccandensensenasaereesseie hour 
FUEL 
EE pc siekhnanindssacs55dgschGubae weaned bce wes acemak buss ix tas ysl aee 
Fe SED 5 bb 0 ska dvewhace cos dd Ubdews eee ea we o4bvek eet lughsssedsdiedesdenagen 
Proximate Analysis, as fired: 
| ERE Ht ee none se or oh OD Tene Mev e re rk oA per cent 
i, NE <<. c ceus-cnugd ms cae aba eew ie save 0X 4Wbue ed een enna per cent 
Se Ed os. 5.d odie 4a RULER SRA ON SOREN ELSA VOR oR ane eee per cent 
Bis: EE: ob hh dba pc bso de od bcawek Ede SR1S Pek dae ceSs. Deas en eeeee ake per cent 
12.. Bestiong Value per pound as Fired csin..sc seks 866 tic ieins cdcccsiscees Btu 
SR A eee: Paves Gara Fae cig icin iv bn cdo cp enndis ev evtusdbavanswee Ib 
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i SN OE IIE i 5g 5,9 ncarpcn g ols xe db nde gale aN Ree ee ee Ib 

Bes ~ I DIO UND DONNIE ID ons cade cs ese tcceiccesccuseocaseces hour 

16. Average Interval between Attention to Fire ..............cceee ee eeeeee hour 
AsH AND REFUSE 

17. Total Ash and Refuse Removed during Test ..............0cceeeeeceees Ib 

Pe EE FOUN INE NS oo kd ns Fics o chinc eens vidsedeccesecden per cent 
Drart 

ee IE a ans wba dis apg sia ere Sedalia decd eae a aoe in. of water 

es I Gh dc coc keh ekalddds chelate puke cde aedda ees «uence in. of water 

Be RII 4c 54s Eko bs onde ohactc ae 0008 ch etweee hedbeep Camaae in. of water 


FLue GASES 


re ee eS a” rer ter rere rere per cent 
23. Temperature of Flue Gases Leaving Boiler.................cccccccccece F 
STEAM AND FEED WATER 
ae. imme Pressure by Game, Bader. on 5 coc non cn cece cccctegscoess Ib per sq in. 
25. Temperature of Feed Water Entering Boiler...................seeeeee. F 
re PR 8 OE Rr Peer re ere tert rere Ib 
ee I I GE WN TT TEI a oon noc co cce cnc cecsvcives das Ib 
eee EE re rere ere Prerrre per cent 
ee ES NN eis os cake Bes ntcdd ace qa ope venemind adiebes nes Ib 
St ID oi. ciccanecacdssndcistvadpadsesrekvagadicnupsceac 
Hourty Rates 
31. Fuel Burned per Sq Ft of Grate per Hour, as Fired..................00.. Ib 
32. Equivalent Rate of Combustion of 12,500 Btu Pest/ Sq Ft Grate/Hr...... Ib 
ae. «SAGO “WUMREE TWGROTRNRE BOE THOU wos nw on hice cca cssctecesoncsacen Ib 
34. Correction for Uncovered Boiler per Hour..................eeeeeeeeeee Ib 
So. Totes Hepiwatest Evaporation per Hows . «...c. cic sdsescecccccsececve Ib 
Output 
ee I Be I Eo ics iid ceinii a nin cd ncinnsdudsniaondedia sy iweal Btu 
ae. Gott te Be Fe ck Shape Badiations. «none cicciccccccccccsccccssncs sq ft 
38. Actual Evaporation per Pound of Fuel, as Fired...............eeeeeeees Ib 
39. Equivalent Evaporation per Pound of Fuel, as Fired..................06- Ib 
EFFICIENCY 
40. Heat Transferred to Water (efficiency of boiler, furnace and grate) ..per cent 
41. Heat Loss by Not Burning Combustible in Ash...............-.4-- per cent 
SS, FS OE Tee MD Woo oii occ bic ccisuss cepacdenwssa per cent 
Additional Items, for Use Only with New-Fire Method of Starting 
Fue. Usep 
SS. “Wenes of Wood Used Sor Mata ao kk ss csitevccwesscccessecedvcve Ib 
ER OOF TET Or REE te Oe Ree Ib 
45. Total Fuel Fired during Test, Exclusive of Wood...................... Ib 
46. Total Equivalent Fuel Charged during Test................cceeeeeeeees Ib 
es! I We I NN aac a vance dd ircncl bund sin cee eed nes ah Rae Male Ib 
ee rere ree Ib 
49. Equivalent Fuel (as fired basis) Used during Test............-..00e00% Ib 


CoMPUTATIONS FoR SHORT Form Report or Tests oN STEAM HeEatinG Boers 
EXPLANATION OF SYMBOLS 


= the allowed projected area of uncovered metal steam-heated surface 
= total heat (in Btu per lb) of saturated steam at the boiler outlet pressure 
= total heat (in Btu per lb) in feedwater at boiler inlet 


7m 





XUM 








XUM 
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L = latent heat (in Btu per Ib) of steam at the boiler outlet pressure 
t, = room temperature 

t, = temperature of steam and boiler outlet pressure 

t,, = temperature of feedwater and boiler inlet 


GENERAL 
Item 13 = When tests are made by the new-fire method the value given by Jtem 49 
is to be used for Jtem 13 
Item 14 = Weight of fuel fired during test (minus 1/3 charged in first firing in new- 
fire method) divided by number of firings 
Item 15 = Total time of test divided by number of firings 
Item 16 = Total time of test divided by number of attention periods 
Item 28 = Item 27 X 100 
Item 26 
Item 29 = Item 26 — Item 27 


rE yea x 
Item 30 == tb = te (for saturated or wet steam) 








971.7 
— Item 13 
Item 4 X Item 5 
Rates: 0 en Item 31 & Item 12 
12,500 
Item 33 —/tem 29 
Item 5 
1.8 
Item 34 =————- (4. — 4.) X A 
Fo th) X A, 


Item 35 = (Item 33 K Item 30’ + Item 34 








Item 36 Item 35 X 971.7 
Item 37 —!tem 36 
240 

Item 38 —/tem 33 _ 

Item 13 
Item 39—= ltem 35_ 

Item 13 
Item 40 = Item 39 X 971.7 X 100 

Item 12 

Item 41 —ltem 17 X Item 18 X 14,540 


Item 13 & Item 12 
Item 42 = Item 40 X 100 
100 — Item 41 
Item 43 X 5000 
Item 12 
Item 46 = Item 44 + Item 45 
Item 48 = Item 46 — Item 47 — Item 17 
pee Item 48 X 100 
100 — Item 11 
Log sheets for recording various observations in detail are same as 1923 Edition of 
Code 





Item 44 = 








This value to be used for Jtem 13 
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CODE NO. 3 


A.S.H.&V.E. PERFORMANCE TEST CODE FOR STEAM HEATING SOLID 
FUEL BOILERS* 


EDITION OF JUNE, 1929 


1. The object of this code is to specify the tests to be conducted and to provide 
a standard method for conducting and reporting tests to determine the efficiencies and 
performance of the boiler. 

2. Chimneys.—Tests may be conducted with either natural draft or induced draft. 
The boiler shall preferably be attached to a chimney of dimensions nearest to those 
cataloged by the manufacturer. If a proper sized chimney is not available and there- 
fore induced draft or a larger chimney is used, means must be provided for reducing 
the draft so that the draft at no time exceeds that which would have been obtained with 
chimney as specified by the manufacturer. 

3. Boiler Set-Up—tThe boiler tested shall be a standard stock boiler. It shall be 
assembled in accordance with the manufacturer’s directions, care being taken that all 
openings which would normally be closed (when manufacturer’s directions are fol- 
lowed) in practice are closed with the proper type of cement or putty. 

4. If the boiler is provided with an insulated jacket, this jacket shall be in place 
during tests. If boiler is uninsulated, all parts which would normally be covered in 
practice shall be covered with a coating of asbestos cement 1/2 in. thick or equivalent 
insulation, or the boiler may be tested without covering and correction applied as 
explained in Par. 40 (Item ») under Computations. Parts of boiler which are not 
insulated in practice shall not be insulated during tests and shall not be considered as 
external boiler surface. 


ARRANGEMENT OF APPARATUS, 

5. The general arrangement of apparatus shall be as shown in Fig. 1. Minimum 
apparatus for conducting tests shall be the following: 

(A)—Scates for weighing coal and residue 

(B)—Ca.ipratep weighing tank or other means for determining water evaporated 

(C)—THeERMoMETERS for determining feed water and steam temperature 

(D)—MeEnrcury manometer for determining steam pressure 

(£)—Dnrart gages for determining ashpit, fire box, and smoke outlet draft 

(F)—Pyrometer for determining temperature of gases leaving boiler 

(G)—REcorDING or indicating COs and CO apparatus and means for checking 
recording apparatus 

(H)—Scate for weighing condensation obtained from separator 

(/)—BaroMeEterR or barograph for determining atmospheric pressure during test. 

6. Location of Instruments——The feed water thermometer shall be inserted in a 
thermometer well so located as to read the true temperature of the water entering the 
boiler. The-steam temperature thermometer shall be inserted directly into the steam 
in the flow outlet. 

7. The mercury manometer shall be connected with the steam space of the boiler. 

8. A draft gage shall be connected to an open end tube set at right angles to the 
flow of gas in each of the following: ashpit, fire box, and smoke outlet collar. To 
prevent influence upon gas samples, draft reading, or gas temperature reading, choke 
clampers between flues and smoke outlet collar shall be left in wide open position 
throughout all tests. Cold air checks between smoke outlet collar and flues shall be 
thoroughly sealed during tests. Air leakage around draft tubes, thermocouples and 
gas sampling tubes shall be prevented by using asbestos rope or other suitable means 
packed around the tubes. 


9. The eee of gases leaving the boiler shall be taken by means of an 
1 Code prepared by F. Howell, ye R. V. Frost, T. E. Langvoit, Carl H. Flink and 


ex-officios, in W. Sie and Frederick W . Herendeen; adopted as Steam Heating Boiler 
Testing Code by the National Boiler and Radiator Manufacturers’ Association. 








XUM 








XUM 
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Steam Thermometer Gate Valve. Steam SeparateP 


2° Hair Felt Insulation, 
or Equivalent 
Steam Pressure 
Mercury Manomete 
Calibrated 
Water Tank 
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Fic. 1—ARRANGEMENT OF TEST APPARATUS 


exposed thermocouple located as shown on Fig. 2. The smoke hood and smoke pipe 
pon covered with 2 in. of asbestos cement to a distance 1 ft beyond the thermo- 
couple. 

10. The gas sampling tube shall be a single open end tube in position correspond- 
ing to gas temperature thermocouple and shall be placed in the smoke pipe within 
1 ft of the gas temperature thermocouple as shown on Fig. 2 

11. Accuracy of Instruments——All instruments shall be calibrated to insure 
accuracy. 

12. Fuels to be Used—For anthracite boilers the fuel used shall be the commer- 
cial size, best suited to the boiler, as specified by the manufacturer. For soft coal 
boilers the coal used shall be a free burning 3 x 2 in. lump coal unless the boiler per- 
forms more satisfactorily with caking coal. If caking coal is used it shall be of 
approximately 3 x 2 in. lump size. For coke boilers the coke used shall be by-product 
or gas coke of commercial size, best suited to the boiler. 

13. If the boiler is designed for a special solid fuel, tests shall be conducted with 
this fuel. In all cases the characteristics, kind, and size of fuel used in making tests 
shall be recorded on the test form. Sizes of fuel used shall be according to classifica- 
tion of American Society of Mechanical Engineers, as given in Table 1. 








ZI = Asbestos Cement -2” Thick 


Fic. 2—Location or GAs TEMPERATURE THERMOCOUPLE AND GAs 
SAMPLING TUBE 
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Taste 1. NAMES AND SIZES oF Various FuEts 


MES Ss 
Domestic Harp eg AE SE Thee 2... 
Name and Size Through Over No. 1 Domestic Nut....... 3 1Y% 
a See UY \y, or2 
Chestnut or Nut .......... 1% 3% No.4 Washed ......... ‘+ % 
Stove or Range .......... 1% 1% No.3 Washed Chestnut... 1 A, % 
Egg—in the East.......... 2% 13% No. 2 Washed Stove ...... 1% 
Large Egg—Chicago ..... 4 2% No. 1 Washed Egg ....... 2 
Small Egg—Chicago ...... 2% 2 No. 3 Roller Screened Nut. 16 1 
Broken or Grate .......... 4 2% No. 2 Roller Screened Nut. 2 1% 
pel 1 Roller Screened Nut. ms 2 
Domestic By-Propuct COKE Egg oo eee ec eeee 3 
ER EE AR 3 2% pak “| aera he 6 
<arme a ae os : V, Run-of-Mine: fine and large lumps. 
bea hepciibiatbadge gs Z Screenings: usually smallest sizes. 
| OS aS ere vA 14 Pocahontas Smokeless: Generally sized 


as Nut, Egg, Lump, and Mine Run. 


STEER Aaliciees % .., Cannel Coal: 
SE ye epoiebt 1% V, For fireplaces—Hand Picked Lump. 
Se SO eee ee 2 1% For stoves—Egg. 


TEsTs TO BE CoNDUCTED 


14. Five tests shall be conducted at 2 lb steam gage pressure—one shall be at 
drive output and the other four at various output rates to show the entire operating 
range of the boiler. The manufacturer shall determine and designate the output rates 
and the operating range of the boiler. No test data or boiler information shall be 
assumed for an output beyond the drive test. The drive test shall be considered the 
boiler’s maximum output. No tests shall be reported in which the water collected 
from the separator is greater than 2 per cent of the water fed to the boiler in excess 
of the condensation resulting from the normal heat loss of the separator and piping. 
Correction for the water collected must be applied to the water evaporated in order to 
include in the output only the heat actually absorbed to heat the water from feed water 
temperature to steam temperature. 


15. Outlet Piping—The number and size of outlets shall be as cataloged by the 
manufacturer. Outlets shall be full size to a height 30 in. above the boiler’s normal 
water line. An effective separator shall be placed in the steam outlet as near the 
boiler as practicable. The separator shall be open to the atmosphere through a water 
seal permitting any water separated from the steam to drain immediately into a con- 
tainer for weighing. Re-evaporation of water drained from separator shall be pre- 
vented by use of a suitable cover on the container. 

16. A gate valve, full size of flow piping, shall be placed between boiler and 
separator for the purpose of maintaining a constant steam pressure in the boiler at 
various test output rates. All piping up to and including separator shall be insulated 
with 2 in. of hair felt, or equivalent. 

17. Outlet piping shall pitch away from the risers and away from the separator. 


18. For all boilers up to 3,000 sq ft of steam radiation, water shall be supplied by 
an automatic feed valve of the slow feed type, which will maintain a constant water 
level at the normal water line. For boilers above 3,000 sq ft output, feed water may 
be regulated by hand by means of a gate valve. 

19. Chimney Connection.—Connection from smoke hood outlet to chimney shall 
be of size cataloged by manufacturer and shall be air tight and as short and direct as 
possible, preference being given to long radius and 45 deg instead of 90 deg bends. 
The bend at entrance to chimney shall be carefully made, care being taken that the 
pipe does not project beyond inside of chimney and that no leakage of air occurs. 

20. Cleaning Boilers—The water and steam surfaces of the boiler shall be thor- 
oughly cleaned by vigorous boiling with a solution of sal-soda or lye, the scum form- 
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ing at the surface of the water being blown out through a surface blow out, or the 
boiler outlets, with fresh water gradually fed to the boiler, until the water in the 
gage glass appears clean. The boiler shall then be drained and refilled with clean 
water. 

_ 21. Duration of Test—Each test shall be conducted at the discretion of the en- 
gineer until there has been burned in pounds per square foot of grate not less than 250 
in the continuous fire method or 150 in the new fire method, or until the error in fuel 
and water determination shall not exceed 2 per cent. 

22. Calorific Tests and Analysis of Fuels and Refuse—The quality of the fuel 
and of the ash and refuse shall be determined by calorific tests and analysis of samples. 
Directions for obtaining samples of the fuel and making these tests and analyses shall 
be the recommendations in the 4. S. M. E. Test Code for Solid Fuels—April 1927. 

23. A representative sample of the fuel shall be taken during the test and shall 
be kept in an air tight container pending determination of moisture. 


STARTING AND STOPPING OF TEST 


24. New Fire Method—New fire method of starting and stopping test may be 
used on anthracite or coke boilers. A preliminary fire using wood or coal shall be 
made and the boiler shall be operated until the water in the boiler has reached steam 
temperature and the boiler insulation normal operating temperature. During this pre- 
liminary operation the water in the gage glass shall be kept at the normal boiler 
water line. The fire shall then be quickly removed from the boiler, the ashpit cleaned, 
the flues thoroughly cleaned, the quantity of water in tank noted, and the test started by 
placing a charge of kindling wood on the grate (9 lb for each sq ft of grate) igniting 
same and firing 33% per cent of the Fuel Charge (Available Fuel). A second amount 
of fuel equal to the Fuel Charge (Available Fuel) shall be fired within the first half 
hour of test. No firing or attention to fuel shall be permitted after this first half 
hour period until the time of adding the next fuel charge. . 

25. When test has been conducted for such a period as specified under Duration 
of Tests (Par. 21), and the fuel has burned down to that point where the output can 
no longer be maintained by operation of the dampers, the test shall be ended as follows: 

(A)—THE Grates shall be shaken to remove ash from the fire as if another charge 
of fuel were to be added 

(B)—THE CLEANINGs shall be quickly removed from the ash pit and weighed 

(C)—THE RESIDUE within the the fire box shall be quickly quenched with just 
sufficient water to put out the fire. (The quantity of water used shall be recorded.) 

(D)—THE ENTIRE residue of the fire box shall be removed and weighed, and shall 
be kept separate from the cleanings. The water level at the end of the test shall be 
the same as at the beginning of test. 

26. Continuous Fire Method.—The continuous fire method may be used for all 
boiler tests. The boiler shall be operated under test conditions for at least one firing 
period and not less than one hour before the starting of test. A preliminary fire shall 
be made and the boiler operated until the water has reached steam temperature, and 
the boiler insulation normal operating temperature. The flues shall then be thoroughly 
cleaned. The fire shall then be burned low, thoroughly cleaned, and the remaining live 
fuel spread evenly over the grate as the foundation for the first test fuel charge. If 
the manufacturer provides firing directions these directions shall be followed. 

27. The thickness of the fuel bed shall be quickly measured and the condition of 
the fuel bed noted. The height of water in boiler and feed tank shall be recorded. 
Tests shall start at the time of making these observations. The first weighed charge 
of fuel (see Par. 29) shall then be fired. If firing directions are specified by manufac- 
turer, same shall be followed. The ashpit shall be thoroughly cleaned immediately 
and the test allowed to proceed. 

28. At the end of the test fire shall be burned low and cleaned so as to leave the 
fuel bed in the same condition and thickness as at the start of the test. When this 
condition is reached the water level in the boiler shall be at the same height as at the 
start and the test shall be ended at this time. The contents of the ashpit shall be 
quickly removed and weighed. 
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29. The Fuel Charge for ALL tests shall be: 

(A)—The amount specified by the manufacturer, or 

(B)—The amount determined by the engineer in charge of test as the maximum 
amount of fuel consistent with proper boiler performance. 

30. The Fuel Charge (Available Fuel) used in computations to determine the 
Average Interval between Firings which is recorded on Form D, Item 17, shall be 
obtained as follows: 

(A)—New Fire Metnop: Divide the total quantity of fuel fired during test (but 
not including the wood or coal used as a preliminary charge) by the number of firings 
during test. 

(B)—Continvuous Fire MetHop: Divide the total quantity of fuel fired during 
test by the number of firings during test. 

31. Attention to fire shall be considered as any one or more of the following 
operations and in all tests burning anthracite or coke of nut or larger size there shall 
be no shaking of grates or other attention to fire except at time of recharging boiler. 

(A)—FIr1ING 

(B)—StToK1nG 

(C)—LEvELING 

(D)—SHAKING GRATE 

32. The average interval between the end of any attention period and the begin- 
ning of the next shall be stated in the report of test. 

33. All dampers controlling the primary and secondary air may be adjusted as 
required to produce most efficient combustion at any time during test. 

34. The following readings shall be recorded at regular intervals not greater 
than 15 min throughout test: 

(A)—WATER evaporated 

(B)—Temperature of feed water 

(C)—SrTeaM temperature 

(D)—STEaM pressure 

(£)—Drarts in ash pit, fire box and smoke outlet 

(F)—Temperature of gases leaving boiler 

(G)—WeEtcHT of water from separator 

35. Following readings shall be recorded every hour: 

(A)—BoILer room temperature 

(B)—OvutsmeE temperature 

(C)—BaroMETRIC pressure 

36. In all tests using bituminous coal, any smoke observations shall be recorded 
every 15 seconds according to Ringelmann Chart numbers throughout two complete 
firing periods. 


Test Forms 


37. Results of tests shall be recorded on test forms as follows: 

(A)—Borter Room Loc SuHeet—Form A (for new fire method) or Form B (for 
continuous fire method) shall be used for recording all readings during test. 

(B)—Tue Back or THE Boiter Room Loc SHeet—Form C shall be used for 
recording weights of fuel, residue, gas analysis (if Orsat Apparatus only is used), or 
for recording check of recording gas analysis apparatus with Orsat Apparatus. 

38. Results of all tests on one boiler shall be reported on Form D. 

39. The following results referred to boiler output in square feet of steam radia- 
tion, taken from Form D shall be shown by curves on Form E 

(A)—Borter and grate efficiency 

(B)—TeMPERATURE of gases leaving boiler 

(C)—Averace firing interval 

(D)—AVERAGE attention interval 

(E)—Dnrart difference (smoke outlet minus ashpit). 
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CoMPUTATIONS 
40. Form A. 
Irem (b) = bea? pores’ 0.4 is the weight of coal: equivalent in calorific value to 1 Ib 
of w 
Item (n) = (External ne Surface) X (1.8) K (T, —T,) X (hrs) X 1/971.7. 
1.8 = (Coef. of uncovered boiler Aad oj of covered boiler sur- 
face) = = Btu/sq ft hr degrees Fahrenheit diff. of surface and room. 
T, = Surface temperature = steam temperature. 
*,-== Room temperature. 


hrs = Duration of test. 

Irem (0) = Surface X 2.4 X (T, — T,) X_(hrs) X (1/971.7). 
(Surface) = External surface of pipe in sq ft 
2.4 = Average coefficient for uncovered pipe. 
T, = Steam temperature. 
T. = Room temperature. 
hrs = Duration of test. 


ITEM (p) X 971.7 














ITEM (t) = x 100 
Irem (i) X (Calorific value) 
Irem (u) = Irem (p) X 9717 x 100 
[Irem (i) + Fuel through grate] X (Calorific value) 
41. Form B. 
Item (hk) = 14,600 = Calorific value of 1 lb carbon. 
It is assumed that the combustible in ash is carbon. 
Irem (u) = Item (p) X 971.7 x 100 
ItEM (c) X Calorific value 
ItEM (nm), (0) and (t) same as shown under Form A. 
42. Form D. 
Irem 8 = Fuel through grate x 100 (New Fire Method) 
Dry fuel burned + fuel through grate 


or 


Fuel through grate < 100 (Continuous Fire Method) 
Dry fuel fired 


11 CO: + 8 O: +7 (CO + N:) x CX 0.24 X (T, — T,) 














Item 9 = 
3 (COz2 + CO) Calorific value 
COs, O2, CO and N are in 0/o by volume obtained and 
C is taken as per cent carbon by weight per pound of fuel. 
T, = Temperature of gases leaving boiler. 
T, = Room temperature. 
Irem 10 a. | aN x ¢ x _10,160_ = 
COz + CO Cal. value 
COsz, CO and C same as for Item 9. 
Teun 11 =x Surface of boiler « Coef. of covered boiler surface X (T, — T,) X 100 
Fuel burned per hour X Calorific value 
Seuss 07 ox Fuel charge * (boiler and grate efficiency) X 12,500 
Output « 240 
Item 18 = Hours 





Times given attention 


Item 19 = Weight of clinker removed X 100 (New Fire Method) 
Dry fuel burned + Fuel through grate 











XUN 





YLIM 


Sem1-ANNUAL MEETING, 1929 343 


or 


Weight of clinker removed y 199 (Continuous Fire Method) 
Dry fuel fired 


DEFINITION OF TERMS USED IN THE CODE 


43. Boiler Efficiency is the percentage of the heat in the net dry fuel burned 
delivered at the boiler nozzle when the boiler is normally insulated. 


44. Boiler and Grate Efficiency (Overall Efficiency) is the percentage of the heat 
in the net dry fuel burned plus the heat in the fuel fallen through the grate delivered 
at the boiler nozzle when the boiler is normally insulated. 


45. Fuel Charge (Available Fuel) is the maximum amount of fuel that can 
actually be fired at one time and can be burned with proper boiler performance between 
firing intervals. It must be demonstrated during tests that the quantity cataloged by 
the manufacturer as Fuel Charge (Available Fuel) can actually be fired at one time 
upon a fuel bed that is sufficiently deep to properly ignite the Fuel Charge. The foi- 
lowing values for weight of fuel per cu ft shall be used for catalogue purposes: 





Anthracite 52.5 
Bituminous 45.0 
Coke 28.0 


46. Fuel Capacity is the weight of fuel that must be left in the boiler to kindle 
a fuel charge plus the weight of fuel which can be fired at one time. When specifying 
fuel capacity, it is necessary to specify the kind of fuel. Fuel capacity is not the total 
weight of fuel that can be shoveled into the fuel and combustion space because there 
must be sufficient furnace volume in addition to that occupied by the fuel to permit the 
escape of the gases leaving the fuel. 


47. Calorific Value is the number of Btu per pound of dry fuel as determined in 
a bomb calorimeter. 

48. Clinker—(Item 19, Form D) is the weight of clinkers which must be re- 
moved through fire or clinker doors. It does not include any clinker that drops into 
ashpit either during normal operation or when grates are shaken. 

49. Residue—(ItEmM g, Form A) is the weight of the contents of the firebox 
when ending a test in the new fire method. 

50. Cleanings—(ItEM g, Form A) is the weight of material that drops through 
or is shaken through the grate into the ashpit. 

51. Combustible per Pound of Fuel from Analysis—(Item I, Form A) equals 
one minus the weight of ash obtained from the analysis of the dry fuel. 

52. External Surface (Form A and Form B) is the measured surface of the 
boiler which is normally insulated in an installation. 

53. Radiation from Covered Boiler (Item Il, Form D) is the heat lost through 
insulated surfaces of the boiler. It is not included in boiler output but is shown on 
Form D to give the manufacturer an idea of the extent of this loss. 

54. Heat Loss from Uncovered Boiler (Item n, Form A and B) is the heat lost 
from that part of the boiler surface not insulated during test which could be saved 
by the normal insulation of the boiler in practice and which would therefore appear as 
added output. 

55. Heat Loss from Uncovered Piping (ITEM o, Form A and Form B) is the 
heat that is lost through uncovered piping (if condensation resulting drains back to 
the boiler and is re-evaporated) because the surfaces thereof are not normally insulated 
as specified in code. This correction is required only when piping cannot be insulated. 

56. Coefficient of Covered Boiler Surface is the quantity of heat expressed in Btu 
transmitted from the steam and water in the boiler to the boiler room per sq ft of 
normal insulation per hour per degree difference in temperature between the steam and 
the boiler room. 

57. Actual Evaporation is the actual weight of water heated from the average 
feed temperature to average steam temperature and evaporated into steam during a 
test. 
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58. Factor of Evaporation is the total number of Btu absorbed per pound of water 
evaporated divided by 971.7. 


59. Total Equivalent Evaporation (Item p, Form A and Form B) is the quantity 
of water which would have been evaporated from a feed water temperature of 212 deg 
into steam at 212 deg by the corrected heat output delivered at the boiler nozzle. 


60. Boiler Output is the quantity of heat available at the boiler nozzle with the 
boiler normally insulated. 


61. The Square Foot of Steam Radiation is the heat output of 240 Btu per hour. 
62. A Damper is a device used to control the flow of air or gases in a boiler. 
63. A Choke Damper is a damper placed within the gas passage. : 


64. A Check Damper is a device for admitting air from the boiler room to the 
gas passage or smoke pipe. 


Mr. Harding stated that the test codes were rather easy to handle, but the 
matter of the rating code was quite a different story and submitted a detailed 
report of the work of his Committee as follows: 


Report of A.S.H.&V.E. Continuing Committee Codes for 
Testing and Rating Steam Heating Solid Fuel Boilers 


replies received to the questionnaire previously mailed to a list of boiler 

manufacturers and others interested in this matter. This questionnaire 
was printed in the April, 1°29, issue of the JourNnat of the A.S.H.&V.E. 
as follows: ; 


7 HIS committee met in Buffalo, May 4, 1929, to tabulate and discuss the 


CONTINUING COMMITTEE’S LETTER TO BOILER MANUFACTURERS 
AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 
29 West THIRTY-NINTH STREET 


New York 
Feb. 11, 1929 


As you are doubtless aware, the AMERICAN Society oF HEATING AND VENTILATING 
ENGINEERS at the Annual Meeting held in Chicago, January 28 to 31 of this year, 
adopted a code entitled, Code for the Rating of Heating Boilers Burning Solid Fuel. 

The work of the original committee having been completed a continuing committee 
composed of the undersigned members was appointed by the President and charged 
with the duty of first determining the feasibility of applying this code in practice and 
secondly recommending to the Society such revisions as may develop after the criticism, 
opinion and suggestion of boiler manufacturers and other associations interested have 
been reviewed and given careful consideration. 

We desire to call your attention to the fact that this code has been printed for dis- 
cussion only and has not been released by the Society. 

This letter is being mailed to the list of boiler manufacturers on file in the offices of 
the Secretaries of the A.S.H.&V.E., H.&P.C.N.A. and the N.B.&R.M.A. 

The Committee is interested only in obtaining a uniform rating for boilers and will 
earnestly endeavor to make such recommendations to the Society as will be supported 
by the facts that may be developed. 

We clearly recognize that the principle involved in any engineering code is pri- 
marily the protection of the _ and incidentally the ultimate consumer who pays 
the bills. The material benefits of standardization in this case accruing to the manu- 
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facturer, engineer and contractor are self evident as amply proven by a multitude of 
existing examples. 

We believe the industry involved earnestly desires a workable code which affords 
an equitable protection to the various interested parties concerned. 

We desire to call your attention at this time to Section V of the A.S.H.&V.E. 
Code of Minimum Requirements for the Heating and Ventilating of Buildings. This 
code revised to date will be distributed by the Society at an early date. 

There is no reference in this code to the subject of rating boilers. Section V as 
indicated by its heading, refers to a method to be employed in determining the load to 
be carried by the boiler for any steam or hot water installation. Any other method 
may of course be employed that will give equal or greater loads. 

The following extract from the Minimum Requirements Code is given with the 
thought that it may have a bearing on the answers to some of the questions on which 
we desire information: 


SECTION V 


Minimum Capacity and Installation Requirements for Low Pressure Steam and 
Hot Water Heating Boilers 


(1) Estimated Boiler Load: For the purpose of this Code the estimated con- 
nected load to the boiler or boilers employing solid fuels stated in Btu per hour shall 
be taken as the sum of the following items: 

(a) The estimated heat emission in Btu per hour of the connected radiation, 
direct, indirect or both, to be installed as determined by computation from 
data given in Sections II and III for normal operation. 

(b) The estimated maximum heat in Btu per hour required to supply water heat- 
ers or other apparatus to be connected to the boiler or boilers. 

(c) The estimated heat loss in Btu per hour of the piping connecting radiation 
and other apparatus with the boiler or boilers (see Table I at the end of this 
section). 

(d) The estimated increase in the normal load in Btu per hour due to starting with 
cold piping and radiation. This increase is to be based on the sum of items 
(a), (b) and (c) and shall be assumed not less than the following: 


Sum of Items (a), (b) and (c) Percentage Increase to 
in Btu per hour be added 
Up to 100,000 65 
100,000 to 200,000 60 
200,000 to 600,000 55 
600,000 to 1,200,000 50 
1,200,000 to 1,800,000 45 
Above 1,800,000 40 


(2) Boiler Capacity to be Installed: The boiler or boilers to be installed shall be 
guaranteed by the manufacturer of the boiler to be capable of supplying, at the boiler 
outlets, the total Btu per hour as computed by the method outlined in the preceding 
paragraph and under the following conditions of operation each of which, is to be 
stated in the specifications covering the installation for which the boiler or boilers are 
intended. 





The comments of the continuing committee on this portion of the Minimum Re- 
quirements Code follow: 

It will be observed that the responsibility of correctly determining the maximum 
boiler output required as well as the output for the design load does not rest with the 
boiler manufacturer—unless, he also acts in the capacity of the engineer. 

(1)  It_is evident that the boiler or boilers selected must have as a primary 
requisite sufficient maximum output to handle the starting up load (maximum de- 
mand) with the draft available from the chimney selected or recommended for the 
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proposed installation. The starting up load may occur frequently during the 
heating season but is naturally of comparatively short duration. The question of 
fuel economy (efficiency) is of relative unimportance for this load. 

(2) The boiler load as determined from the heat emission of the radiation 
and its connecting piping (design load) in general exists for only comparatively 
short periods (few days) during the heating season. 

The question of fuel economy (efficiency) is also in this case relatively unim- 
portant. 

(3) The average operating load on the boiler or boilers for the heating season 
will probably not exceed 35 per cent of the design load (2) in the average case. 

Fuel economy (efficiency) for this average load is of considerable interest to 
the owner. 

It will be observed that a small boiler, for example, must be capabie of produc- 
ing an output (with the chimney recommended) 65 per cent in excess of the design 
load output. The ratios of the three loads will be: 1.65 (max. load) ; 1.00 (design 
load) ; 0.35 (average seasonal load), the average load being approximately 21.2 
percent of the maximum load. 


In order that we may have your ideas and opinions on this subject, we have 
prepared the following short questionnaire: 


1. Do you believe that a manufacturer should guarantee the listed ratings of 
the boilers he manufactures under conditions of operation he may state and di- 
mensions of chimney he recommends? 

2. Do you favor a “one number rating” for heating boilers? If so, what do 
you suggest as limiting factors to be employed by the manufacturer in determining 
the ratings listed? 

Assuming the maximum load to which any boiler may be connected has been 
determined by the method as outlined by the A.S.H.&V.E. Code of Minimum Re- 
quirements previously given. What percentage of- this load would you suggest 
the manufacturer employ in making up his published rating tables? 

Do you recommend that the manufacturer state this percentage in his catalog? 

Would you prefer in this case to recommend that the published rating be ac- 
companied by a statement to the effect that the boiler (connected to the chimney 
listed) is capable of developing a certain percentage increase above the stated 
rating? 

If, in your mind, the preceding suggestions do not appear practicable, how 
would you suggest this point be covered for the protection of the manufacturer as 
well as the engineer and contractor? 


3. Do you favor a “multi number rating” for heating boilers? If so, what 
limiting factors do you suggest be employed by the manufacturer in determining 
the ratings listed? 


Assuming that the maximum load to which any boiler may be connected has 
been determined by the method outlined by the A.S.H.&V.E. Code of Minimum Re- 
quirements previously given. What percentage of this load would you suggest 
the manufacturer employ in making up his published rating tables? 


Do you recommend the manufacturer state this percentage with the rating ( 
tables? Would you prefer in this case to recommend that published ratings be 
accompanied by a statement to the effect that the boiler (connected to the chimney 
listed) is capable of developing a certain percentage increase above the stated 
ratings? 

If, in your mind, the preceding suggestions do not appear practicable, how 
would you suggest this point be covered for the protection of the manufacturer 
as well as the engineer and contractor? 


4. Do you prefer to see boiler output values stated in Btu per hour or in 
sq ft of “equivalent direct radiation” or both? If “equivalent direct radiation” 
is to be employed what Btu values would you assign to (a) steam radiation, (b) 
water radiation? 
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5. Please state all of the information that you believe should accompany the 
rating tables as published by the manufacturer such as: ' 

Size, kind and Btu value of the fuel, grate area, dimensions of chimney, temperature 
of flue gas, rate of combustion, available fuel charge firing period, overall boiler and grate 
efficiency, etc. 

6. Boiler manufacturers are requested to furnish this committee with output 
curves or performance tables for two boilers in each series they manufacture for use 
of solid fuels giving rate of combustion and smoke hood temperatures. What 
“one number rating” do you assign to these boilers? 


If a 12 per cent CO; requirement was not met, please give the percentage you 
obtained in your output test. 
Please acknowledge the receipt of this letter and advise if you are willing to co- 
operate by suggestions, etc., in the work of this committee in its attempt to coordinate 
the desires of the parties interested. 


Please address your correspondence to the Society headquarters, 29 West Thirty- 
ninth St., New York, N. Y. 
Yours very truly, 
CoMMITTEE ON INTERPRETATION OF Cope FoR RATING 
Low-PressurE HEATING Borers 


L. A. Harpinc—Chairman 
F. C. HoucHtTen 
R. V. Frost 


Replies were received to the questionnaire from a large percentage of the 
membership of the National Boiler and Radiator Manufacturers’ Association, 
some independent manufacturers of steel and cast iron heating boilers; also the 
following reply from the Boiler Output Committee of the Heating and Piping 
Contractors National Association: 


Your letter of February 11, 1929, having reference to code adopted by the 
A.S.H.&V.E., at their annual meeting in January this year and having further 
reference to questionnaire prepared by a continuing committee charged with the 
duty of first determining the feasibility of applying this code in practice and looking 
for criticisms, opinions and suggestions from other interested associations : 


Referring directly to the questionnaire prepared and replying to No. 1 will 
say—Yes, but the condition of operation should be standardized. In addition the 
manufacturer should publish the following—kind of fuel and Btu value, rate of 
combustion, firing period, attention period, flue gas temperature, stack draft, over- 
all efficiency, dimension of chimney and available fuel charge. 


In answering the first paragraph of question No. 2, we are in favor of a 
No. 1 rating with a complete performance chart. 


The second paragraph of question No. 2 has our same answer, prefer complete 
performance chart. 


Third paragraph of question No. 2—our answer is “No.” 


Answering the 4th paragraph of question No. 2—published rating tables 
should have no bearing on determining loads so far as boiler manufacturers are 
concerned. Complete performance chart should be furnished. 


Fifth paragraph of question No. 2—our answer is complete performance chart 
to be furnished. 


Third question first paragraph—our answer is “No.” 


Second paragraph of question No. 3—our answer is, that manufacturer should 
not employ any percentage in his published rating tables. 


This same applies to paragraphs No. 3 and No. 4 of question No. 3. 
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_ Answering question No. 4—we prefer to see Boiler Output values stated in 
direct radiation based on 225 Btu for steam and 150 Btu for water radiation. 


_ In answering question No. 5 including first and second paragraphs, our answer 
is, that complete performance charts should be furnished, also actual grate dimen- 
sion when measured by the Heating and Piping Contractors National Association’s 
standard method, also outside dimensions of boiler, height of water line and depth 
of ashpit. 

In answering question No. 6, our answer is, that all round boilers should be 
tested. Rectangular boilers, a sufficient number in each series, should be tested so 
that a reasonably accurate performance chart can be determined for the complete 
series of boilers. 


We regret that the answers to your questions did not receive earlier attention 
but it was entirely overlooked until a wire was received from our main office in 
New York. 

Yours very truly, 
HEATING AND PipinGc CONTRACTORS 
NATIONAL ASSOCIATION 
Borer Output CoMMITTEE 
(Signed) Gerorce M. GetscHow, Chairman 


The members of the heating division of the American Boiler Manufacturers Asso- 
ciation did not, except in one instance, favor the committee with any replies to the 
questionnaire. 

A summary of the replies received follows: 

1. All are agreed that manufacturer should guarantee the listed ratings of the 
boilers manufactured under conditions of operation he may state and dimensions of 
chimneys given by him. 

2. Several manufacturers apparently, favor a one number rating, one of which 
states that “it would be advisable to have a one number rating for price comparisons of 
boiler capacities, other capacities with performance characteristics are desirable.” 

Many of the answers given to this question are in effect, “we do not favor ‘one 
number rating’ with this exception, that, considering conditions in the industry, and 
this is entirely a commercial reason, the one number rating would go to some length to 
insure uniform price.” 

3. The great majority of the replies received indicate that a “multi-number rating” 
is favored. 

The Heating and Piping Contractors National Association express a preference 
for complete performance charts. 

4. Practically all prefer to state boiler outputs in both Btu per hour and sq ft of 
equivalent direct radiation. 

5. The consensus of opinion in reference to the statement of conditions that should 
accompany rating tables are practically uniform on the following items: 

(1) Combustion rate 

(2) Firing period, attention or fuel available in hours 

(3) Overall efficiency 

(4) Draft tension 

(5) Dimensions of chimney 

(6) Fuel (kind not stated) 12,500 Btu per Ib 

(7) Grate area and chimney dimensions to be given 

(8) The majority of the answers omit flue gas temperature as a condition. One 

suggests a limit of 800 F. 

We believe that the thoughts of this committee and two associations previously 
mentioned, are apparently in harmony covering the principal features of a boiler 
rating code. 

If a prospective purchaser is able to obtain from the literature of the manufacturer 
in advance of the actual purchase, guaranteed definite information of what he may 
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expect from the operation of the apparatus as to output, economy and attention under 
a specific set of conditions and over a reasonable range of operation, he will be provided 
with the necessary information required to select the size and apparatus to suit his 
particular condition and at the same time be able to predict the operating economy 
with reasonable accuracy which he may later expect to obtain. 

This information can only be obtained through the medium of standardized boiler 
tests or trials. 

It is obvious that no real progress could be expected in formulating a boiler rating 
code until a satisfactory boiler performance testing code be devised to give the infor- 
mation sought. Such a code is now in satisfactory operation by a number of the 
boiler manufacturers. 

We believe the preceding paragraphs cover the principles involved on the subject 
of boiler rating. 

The committee, after its meeting on May 4, formulated a tentative revision of the 
present A.S.H.&V.E. Code for Rating Low Pressure Heating Boilers, which was 
mailed to the same manufacturers and organizations that received the questionnaire. 
The proposed revision was accompanied by a copy of the committee’s comments on 
the subject of boiler rating which follows: 


GENERAL 

A rating code for any type or kind of apparatus must of necessity include the 
following items: 

lst—The output. 

2nd—Specified conditions of operation for the output stated. 

3rd—The limits placed on the specified conditions. 

It is obviously necessary to standardize limits for some of the specified conditions, 
otherwise a rating code could not fulfill its function. 

Some of the limits to conditions are naturally now set by custom and usage or 
by ordinances or laws, designed to protect the health or safety of the community. 

For example: Custom and usage have decreed that the conditions relative to 
steam pressure for rating purposes shall be 2 lb gage at the boiler for heating boilers, 
whereas, overall efficiency, draft tension, temperature of flue gas and rate of combus- 
tion are conditions over which it is difficult if not altogether impractical to assign defi- 
nite limits in the present state of this art with the possible exception of flue gas tem- 
perature. This should naturally be limited to a maximum value consistent with safety 
relative to fire hazard. 

_ Placing a minimum value limit on boiler efficiency covering the average load 
period of the heating season, would appear to be in line with a program of fuel con- 
servation and probably receive a welcome by prospective owners of heating boilers. 

Not the least item, however, in boiler economy is the manner in which the boiler 
is actually operated by the owner and over which the manufacturer has no control. 

The manufacturer can and does produce boilers which give relative high efficiency 
when properly operated but who can set a minimum efficiency limit that would produce 
the actual results that are apparently desirable. 

There are a number of terms employed in this art, the meaning of which is either 
vague, not clear or by no means standardized. We give below the definition of various 
terms as we understand them. 


Purchaser: 
Construed to mean the person responsible for the selection of the boiler. 


Equivalent Direct Radiation: 

The heat emission of 240 Btu per hour per square foot of manufacturers’ rated sur- 
face of direct steam radiation and 150 Btu per hour per square foot of manufacturers’ 
rated surface of direct hot water radiation. 


One Number Rating: 
A single rating stated for each boiler listed in a manufacturer’s catalogue. 
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Multi-Number Rating: 
Two or more ratings stated for each boiler listed in a manufacturer’s catalogue. 


Heating Boiler Output: 


As defined by the proposed A.S.H.&V.E. Performance Test Code for Steam 
Heating Solid Fuel Boilers. 


Boiler Efficiency: 


The overall efficiency of grate and boiler as defined by the proposed A.S.H.&V.E. 
Performance Test Code for Steam Heating Solid Fuel Boilers. 


Estimated Maximum Load, Peak Load, Starting-Up Load: 

These terms are considered synonymous and construed to mean the load, stated 
either in Btu per hour or equivalent direct radiation that has been determined by the 
purchaser to be the greatest estimated output that the boiler will be called upon to 
carry in operation. We recommend the use of the term estimated maximum load in 
this connection. 


Net Load: 


This term now has various meanings, all the way from the load of the radiation in 
normal operation to the maximum load. We recommend that this term be dropped 
from heating literature as serving no useful purpose. 


Estimated Design Load: 


The load, stated in Btu per hour or equivalent direct radiation, as estimated by 
the purchaser for the conditions of inside and outside temperature for which the amount 
of installed radiation was determined and is the sum of the heat emission of the radia- 
tion to be actually installed plus the allowance for the heat loss of the connecting piping 
plus the heat requirements for any apparatus connected with the system. 


Estimated Average Load: 


The estimated average load stated in Btu per hour-or equivalent direct radiation 
for the heating season and based on the average outside temperature during the 
heating season for the locality in question. 


Heating-Up Factor: 


The percentage added to the estimated design load in determining the estimated 
maximum load. 


Attention, Firing Period, Fuel Available in Hours: 

The hours required to burn one available fuel charge. Fuel available is defined in 
the proposed performance boiler test code. We recommend the discontinuance of the 
use of the terms attention and firing period. 


Load Rating Versus Output Rating: 

These terms are not synonymous as now employed by various manufacturers. 
Some manufacturers prefer to include in their rating the allowance for the heat loss 
of connecting piping, or the heating-up factor or both, in either case the ratings stated 
are obviously not the boiler outputs required for either the estimated design load or the 
estimated maximum load, but are evidently some lower figure. 


It does not appear to the committee that the boiler manufacturer should assume 
the responsibility of guaranteeing a rating based on the use of some heating-up 
factor of which the purchaser has no definite knowledge. 

We believe the responsibility for the selection and application of a heating-up 
factor lies entirely with the purchaser just as much as it is his responsibility for deter- 
mining the estimated design load. If he is capable of the latter he surely should be and 
is naturally capable of the former. 


If a manufacturer includes in his literature the necessary heat transmission data 
for calculating the estimated design load he might very properly include a table of 
heating-up factors. 

He does not guarantee the former so why should he guarantee the latter. 

We do not see that the necessary process of selecting a boiler for a given load is 





XUN 











Wiihaa 


Semi-ANNUAL MEETING, 1929 351 


in any way simplified by including in the published rating designation allowances for 
various items of estimated value. 

Boiler outputs are something quite tangible when determined by a uniform test 
code, whereas, boiler loads are only estimates. 

_ _ If all ratings stated in catalogues were boiler outputs as determined by the pro- 
visions of the test code, the boilers of various manufacturers would evidently be more 
easily compared, which overcomes one of the greatest objections frequently referred 
to as the existing confusion in boiler ratings. 

In the interest of uniformity in catalogue listing, this committee recommends that 
all ratings be stated in terms of boiler outputs. The terms, boiler load rating and 


boiler output rating, would be synonymous and we see no reason for employing the 
term boiler load rating. 


Range and Number of Boiler Outputs Desirable per Boiler: 


If the purchaser is to have any very definite idea of the economy of the boiler 
he proposes to install he should naturally be provided with the efficiency corresponding 
to the average output as determined by and equal to the estimated average load esti- 
mate. This is the lowest output that there would be any very good reason to list. 

The estimated average load -in localities where heating is important is frequently 
assumed to be approximately 35 per cent of the estimated design load. 

If the heating-up factor is assumed as 65 per cent then the “estimated maximum 
load” becomes 165 per cent of the estimated design load and the estimated average 
load is 21.2 per cent of the “estimated maximum load.” 

It is recognized that these percentages are somewhat variable but it would appear 
reasonable to assume that the minimum output listed for a particular boiler should bear 
some relation to the maximum listed output and we suggest that approximately 20 to 25 
per cent be employed in this connection. Thus, if 25 per cent was used the fuel avail- 
= a hours for the minimum output would be 6.6 times that of the maximum output 
isted. 

It is recommended that at least five outputs be given with the corresponding con- 
ditions for each boiler listed in order that those who are interested in the use- of boiler 
performance charts may have the desired information to plot such charts. This would 
require listing three outputs fairly equally spaced between the minimum and maximum. 


“Fuel Available in Hours” for Maximum Output: 


If 8 hours be considered a desirable time as set by custom and usage for the 
smaller size boilers to employ for the design load, then on the basis of a 65 per cent 
heating-up factor the fuel available in hours for maximum output becomes 4.84 hours. 
If 6 hours is satisfactory for the larger boilers to employ for the design load the fuel 
available in hours for maximum output becomes 3.7 hours. 


In the interest of uniformity in rating it would be well to place some limits on 
the fuel available in hours for the maximum outputs listed, although we have no rec- 
ommendations to make at this time. 


Flue Gas Temperature: 


It is coming to be more generally recognized that flue gas temperature is not a 
reliable indicator of efficiency and in many cases only remotely connected with effi- 
ciency. 

The information in reference to both the temperatures of flue gas and draft 
tension is, we believe necessary, particularly for boilers of the larger size. 

The purchaser must have this information if he is to be able to perform the neces- 
sary calculations in determining satisfactory chimney or stack dimensions. 

This is more particularly true for boiler installations serving high buildings. 

If only draft tension is stated the purchaser is left to make his own estimate as to 
stack temperature. The manufacturer should be as much concerned in the satisfactory 
operation of the installation as the purchaser and this is hardly possible unless a proper 
size chimney or stack is provided by the purchaser. 
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Boiler Test Codes: 


It is proposed to recommend perhaps several minor changes in several items of the 
A.S.H.&V.E. Code for Testing Low Pressure Steam Heating Solid Fuel Boilers. 


We also propose to recommend to the Society the adoption of the test code now 
employed by the National Boiler and Radiator Manufacturers Association and to be 
+ age as the A.S.H.&V.E. Performance Test Code for Steam Heating Solid Fuel 

oilers. 


This Committee met with representatives from the American Boiler Manufacturers 
Association and the National Boiler and Radiator Manufacturers Association in Buf- 
falo, June 20, 1929, for the purpose of discussing the proposed revision of the present 
A.S.H.&V.E. Code for Rating Low-Pressure Heating Boilers. 

As a result of this conference your Committee and the representatives from the 
National Boiler and Radiator Manufacturers Association agreed upon the following 
draft of a rating code. The representatives present at this meeting from the American 
Boiler Manufacturers Association did not agree with this code. Their views on the 
question. of rating heating boilers are expressed by the letter which follows: 


We, the undersigned manufacturers of low pressure steel heating boilers, repre- 
senting approximately 95 per cent of the total steel heating boiler industry, object 
to the Code for rating low pressure heating boilers as proposed by your Committee, 
dated May 17, 1929. The objections are based on the following reasons: 

1. The selection of boilers as based on the maximum capacity, would result 
in smaller steel boilers being used on a specific job as compared to present prac- 
tice, with a consequent lowering of operating efficiency. 

This Code specifies minimum requirements, and it has been experienced that 
in similar Codes, where minimum requirements are given, minimum requirements 
are used. 

The present practice in selecting steel boilers gives a uniformly higher re- 
serve capacity than as proposed by the Code. 

2. The proposed Code does not consider heating surface, which is a prime 
essential in determining boiler capacity or ratings, and on which basis steel heat- 
ing boilers have been rated and satisfactorily selected for a great number of years. 

3. We object to the use of a multi-rating, as it would tend to cause confusion 
in an industry that has used but a single rating satisfactorily for a number of years. 

For TESTING AND RatinG STEAM HeatinG Sorry Fuet Borer 
_4. We object to the use of anthracite fuel only as a basis for determining 
rating. 

Our recommendations regarding the selection and rating of heating boilers 
are based on a practice which has proven to be satisfactory to both Manufacturer 
and User throughout the entire life of the steel heating boiler industry, and are 
as follows: 

(1) The published boiler rating shall correspond to the “estimated design 
load” as defined in Section 5 of the Cope or MINIMUM REQUIREMENTS, being 

the sum of Items A, B and C in Paragraph 1. 

(2) The published boiler rating shall be determined by the amount of 
heating surface and grate area. 

We are prepared to furnish your Committee with exact information as to mini- 
mum ratios of rating to heating surface and heating surface to grate area to be 
employed in determining the rating for heating boilers. . 


Yours truly, 


KEWANEE Boiler Corp. TitusvILLE Iron Works Co. 
Paciric STEEL Borter Corp. Firzcrpsons Borter Co., INc. 
Hecoie-S1mpiex Boirer Co. Ames Iron Works 

Om Crtry Borer Works Tue Browne. Co. 
INTERNATIONAL BorLeR Works Co. Erte City Iron Works 


Your Committee feels that they have secured the support of a large percentage of 
the manufacturers of heating boilers and submits the following revision of the present 
boiler rating code for your consideration. 
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Proposed Revision of January, 1929 A.S.H.&V.E. Code for Rating 
Steam Heating Solid Fuel Boilers 


(1) Purpose 


The purpose of this Code is to standardize the method to be employed and followed 
by any person, partnership, firm, corporation or association, who may desire to make 
use of, or employ for any purpose whatsoever the statement “The rating of the boilers 
herein listed are in accordance with the provisions of the ASH&V.E. Code (year) 
for Rating Steam Heating Boilers Burning Solid Fuel.” 


(2) Ratinc DesiGNaTION 


It is understood that all ratings stated are boiler outputs’ for the corresponding 
boiler designation as were determined and defined by the provision of the “A.S.H.&V.E. 
Performance Test Code for Steam Heating Solid Fuel Boilers (year)” and as 
governed by the conditions as set forth under paragraph 4 and accompanying the 
ratings. 

The output for each boiler shall be stated in thousands of Btu per hour and also 
in square feet of equivalent direct radiation. It shall be optional to state, in addition 
to the two methods indicated, the output in pounds of steam per hour. 


(3) Rance or Outputs For Eacu Borrer Listep 


There shall be stated a minimum number of five boiler outputs for each boiler 
listed. The outputs shall have a range from maximum output to approximately 35 
per cent of the maximum output and the intermediate outputs given are to be approxi- 
mately equally spaced between the minimum and maximum outputs. 


(4) List or Conpitions, STATEMENTS OF LimiITING CONDITIONS AND MANUFAC- 
TURER’S GUARANTEE 


There shall be stated under each output listed the numerical values for each of 
the following five items: 
1. Fuel available in hours. 
Combustion rate pounds per hour per square foot of grate surface. 
3. Overall efficiency per cent. 
4. Average draft tension, inches water. 
5. Interior dimensions of chimney and height. 


NN 


The following statements shall be included under each table of rating. 
“The priming for any output listed above does not exceed two (2) per cent.” 


For Anthracite Fuel 

“The ratings are based on a steam pressure of 2 lb gage at the boiler and anthra- 
cite coal stove size, having a calorific value of 12,500 Btu per lb on a moisture free 
basis.” 


For Bituminous Fuel 


“The ratings listed are based on a steam pressure of 2 lb gage at the boiler and 
Bituminous Coal 3 in. by 2 in. size, having a calorific value of 13,000 Btu per Ib sulphur 
content not exceeding 2 per cent and volatile content of not less than 30 per cent ona 
moisture free basis.” 


For Coke Fuel 

“The ratings listed are based on a steam pressure of 2 Ib gage at the boiler and 
by-product or gas coke of commercial size best suited to the boiler.” 

“The inside dimensions and height of chimneys listed should be satisfactory when 
preety constructed and having no other opening except for the purpose of serving 
the boiler and when free from the effect of adverse air currents. Allowance should 
be made for any other chimney openings, elbows in the smoke flue or breeching and for 
extra long smoke flue or breeching.” 
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(5) Taste or DiMENsIONS 


A comprehensive table of dimensions of the boilers listed shall be included in the 
same bulletin or catalogue with the ratings. This table shall include the number and 
pipe size of steam and return connections and location, smoke flue dimensions and 
height above floor line, grate area and height of boiler water line and such other 
dimensions as may be required for properly indicating the boiler to scale on a set of 
complete heating installation plans. 


(6) DeFIniTIONs 
Purchaser: 
Construed to mean the person responsible for the selection of the boiler. 


Manufacturer: 

The individual, firm or corporation who manufactures the boilers for which cor- 

responding ratings are listed. 

Boiler Output: 

_ _ As defined by the proposed A.S.H.&V.E. Performance Test Code for Steam Heat- 
ing Solid Fuel Boilers. 

Estimated Maximum Load: 

Construed to mean the load stated in Btu per hour or equivalent direct radiation 
that has been estimated by the purchaser to be the greatest or maximum load that the 
boiler will be called upon to carry. 

Equivalent Direct Radiation: 

Construed to mean the heat emission of 240 Btu per sq ft of manufacturer’s rated 
surface of direct steam radiation and 150 Btu per hour per sq ft of manufacturer’s 
rated surface of direct hot water radiation. 

Grate Area: 

As defined by the A.S.H.&V.E. Code for Testing Low Pressure Steam Heating 
Solid Fuel Boilers. 

Fuel Available in Hours: 

Construed to mean the hours required to burn one available fuel charge. The 
available fuel is defined by the proposed A.S.H.&V.E. Performance Test Code for 
Steam Heating Solid Fuel Boilers. 

Overall Efficiency: 

As defined by the proposed A.S.H.&V.E. Performance Test Code for Steam 
Heating Solid Fuel Boilers. 

Priming: 

The amount of free moisture carried by the dry saturated steam vapor delivered 
by the boiler stated as a percentage of the total weight of the sum of the dry saturated 
steam plus the free moisture delivered. 

Signed: 
L. A. Harding, Chairman 
R. V. Frost F. C. Houghten 


A.S.H.&V.E. Continuing Committee Codes for Test- 
ing and Rating Steam Heating Solid Fuel Boilers 


In summarizing the results of the Committee’s work, Mr. Harding stated that 
the proposed revision of the January, 1929, A.S.H.&V.E. Code for Rating 
Steam Heating Solid Fuel Boilers simply requires a complete picture of boiler 
performance on the basis of output rating and from the data derived, the pur- 
chaser can draw his own performance curves, calculate his loss from the struc- 
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ture and apply his own heating-up factor. The Committee does not bring this 
report for approval or adoption but merely for discussion, he said. 


i The report of the Committee on the Code for Heating and Ventilating 
Garages was submitted by W. H. Carrier, a member of the Committee, in the 
absence of E. K. Campbell, Kansas City, chairman, who was injured in an auto- 
mobile accident enroute to the convention. Upon motion by W. T. Jones, the 
report was unanimously accepted and adopted as a code of the Society. 


Report of Committee on Heating and Ventilating Garages 


In May, 1928, the National Fire Protection Association adopted tentative regula- 
r tions governing the construction and operation of bus garages prepared by its Com- 
mittee on Garages, which had the following personnel: H. Ee Newell, Chairman; 
i K. W. Adkins, F. H. Alcott, E. P. Boone, K. B. Brier, E. K. Campbell, A. M. Daniels, 
| W. K. Estep, R. H. Goodwin, Louis Harding, G. C. Hecker, W. F. Hickey, A. D. 
Knox, R. C. Loughead, Ray Nelson, I. Osgood, R. E. Plimpton, A. M. Schoen, H. S. 
{ Smith, John Stilwell, J. F. Templin, J. S. Trump, W. B. White and Wm. P. Yant. 

An abstract from the code consisting of Sections 15 to 19, prepared jointly by a 
committee of the Society consisting of E. K. Campbell, chairman; W. H. Carrier, 
E. B. Langenberg and Thornton Lewis, appears in the following paragraphs: 


Section 15. 


(a) Heat generating plants should preferably be located in a detached building. 
If within the garage, the heat generating plant shall be placed in a separate room used 
1 for no other purpose and cut off horizontally and vertically from all other parts of the 
building by reinforced concrete walls not less than 6 in. thick, or masonry walls not less 
than 8 in. thick. 

Openings in such walls shall be restricted to those necessary for heating pipes and 
ducts, which openings shall be made tight in a manner to provide for expansion and 
at the same time prevent air passing through the walls. Entrance to room containing 
the firing space shall be from the outside only. 

All air entering the heat generating plant for combustion purposes shall be drawn 
from outside the building. 

(b) Sufficient heating capacity shall be provided to maintain an inside tempera- 
ture of not less than 40 F in the coldest weather and to maintain a temperature of not 
less than 35 deg at the warm air inlet when the ventilating system is in full operation 
for flushing purposes. 

(c) No method of heating shall be used which permits fire in the garage or in 
any communicating room. 

(d) Motors used in connection with heating system shall be of the constant 
speed type. All switches and motors shall be of approved design and installed in 
compliance with the National Electrical Code. Polyphase motors shall be protected 
against single phase operation. 

(e) The use of steam or hot water heating systems by either direct or indirect 
radiation is permitted, provided the requirements of the ventilating section of these 
regulations are complied with. Inside air inlets for indirect radiation shall not be 
higher than 2 ft above the floor. 

(f) Unit heaters employing steam or hot water are permitted provided the 
requirements of the ventilating section of these regulations are complied with. 

(g) Steam blast systems with central fan and coils together with ducts are per- 
mitted provided the requirements of the ventilating section of these regulations are 
complied with. The heating coils of such systems shall be separated from the firing 
space by masonry walls at least 8 in. thick. 

(h) Warm air furnace blast systems of heating are permitted provided the re- 
quirements of the ventilating section of these regulations are complied with. The air 
space surrounding the furnace within the heating chamber shall be separated from the 
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firing space by a masonry wall at least 8 in. thick or other wall of material and thick- 
ness which may be approved by the Underwriters. This wall may be formed in part 
by the furnace front which must be not less than % in. thick, of steel or cast iron 
and this furnace front may be pierced only by the feed and ash pouches of the furnace, 
and by clean-out doors opening into the combustion space or smoke passages. Access 
doors through either brick wall or furnace front shall not be permitted. Warm air 
furnaces other than blast systems shall not be permitted. 

(i) Positive recirculation of 1 cu ft of air per sq ft of floor area within the 
garage shall be provided in all garages having an average ceiling height of not more 
than 15 ft and in all garages having greater ceiling height than 15 ft the volume of air 
recirculated shall be increased in proportion to the increase in height. The return 
air openings in such recirculating systems shall be not more than 2 ft above the floor. 

(j) In central furnace fan plants, not less than 5 per cent of the air moved by 
the fan shall be taken direct from outside of the building through a duct which shall 
deliver the outside air to a point near the floor on which the fan rests; the duct shall 
be open at all times and the air supply which is provided shall be without control. 

(k) All fans used for recirculating air within the garage or exhausting air 
from the garage shall be of non-sparking type. 


Section 16. Ventilation of Storage Sections. 
(a) These regulations shall apply to the following garages: 


1. Garages housing 35 or more motor vehicles with 3 or more walls pierced 
with openings. 

2. Garages housing 25 or more motor vehicles with 2 walls pierced with 
openings. 

3. Garages housing 4 or more motor vehicles and located above ground, but 
having less than 2 walls pierced by openings and exposed to the outside. 

4. Garages housing 4 or more motor vehicles and located below the level of 
the ground. 


(b) Natural ventilating may be employed where it is practicable to maintain 
open windows or other openings at all times. Such openings shall be distributed as uni- 
formly as possible in at least two outside walls. The total area of such openings shall 
be equivalent to at least 5 per cent of the floor area. 

(c) Where it is impracticable to operate such a system of natural ventilation, a 
mechanical system of ventilation shall be provided. This system may be combined 
with the heating system or may be an entirely separate installation. 

(d) Positive provision shall be made for either the inlet of 1 cu ft of air per 
minute from out-of-doors for each square foot of floor area, or for removing the same 
amount and discharging it to the outside as a means of flushing the garage. 


(e) For the purpose of these regulations, positive means of handling air shall 
be understood to mean a power-driven fan or fans of sufficient capacity to move the 
required volume of air. 


(f{) Where positive systems of exhausting air are used, the exhaust openings 
shall be not more than 24 in. above the floor and shall be not more than 50 ft apart. 


(g) Garages having a capacity of not less than 4 or not more than 35 cars 
within the scope of these regulations may consider air exhaust stacks as positive, 
provided they have not less than 15 sq ft of steam heating surface for each square 
foot of duct area, and not less than 1 sq ft of free area through both heating coil and 
duct for each 350 sq ft of floor area. Such an exhaust duct shall discharge above the 
roof and extend in any case to a height of not less than 15 ft above the heating coils. 


(h) Where mechanical systems of introducing outside air are used, and where air 
is recirculated the air shall be delivered horizontally and in sufficient volume and with 
sufficient velocity to secure distribution to all parts of the building. The height of 
the air inlet opening shall be such that the air will be discharged above the top of the 
vehicles. 


(i) All duct openings, either supply or exhaust, shall be covered with %-in. 
mesh screen. 
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(j) The passing of air ducts through fire walls shall be avoided wherever possi- 
ble. Ducts shall be installed in accordance with the regulations for the installation of 
blower and exhaust systems. 


Section 17. Repair Shops. 

(a) Repair shops shall be ventilated as required for garage storage sections, 
except that mechanical means shall be provided for both the inlet and exhaust of 
1 cu ft of air per minute per square foot of floor area. 

(b) In connection with engine testing it is recommended that the engine dis- 
charge direct to outdoors through a straight duct or pipe of incombustible material, 
and of suitable size, installed as an extension of the exhaust pipe or muffler, in which 
case the mechanical system for inlet or mechanical system for exhaust may be omitted. 


Section 18. Fuel Burning Appliances. 

(a) Steam generators for tire vulcanizing, for oil and grease removal and for 
purposes other than space heating water heaters, and other fuel burning appliances 
such as forges shall not be installed within bus operating section or within carpenter 
or paint shop. 


Section 19. Inspection and Repair Pits and Trestles. 

(a) Elevated trestles or hoists are preferable for this service. If pits are used, 
they shall be continuously ventilated by a system independent of the main garage 
ventilating system. Such pits shall be cleaned at least daily and no accumulation of 
oil and grease permitted. Permanent illumination shall be provided. 


J. R. McColl, Detroit, stated that the news of the recent death of E. S. 
Hallett, St. Louis, came as a distinct shock to everyone who knew him and that 
resolutions had been prepared and adopted by the Council which he thought 
should be presented to the meeting. The following resolutions were unanimously 
passed and an engrossed copy was to be sent to Mr. Hallett’s family. 


Whereas, Edwin S. Hallett, an Active Member of the AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS, passed out of this life on March 29, 1929 and 

Whereas, he was one of the Society’s most loyal members, constant in at- 
tendance, contributing to the interest and value of the meetings by presenting his orig- 
inal ideas, and 

Whereas, being widely known as an outstanding engineer in school house heating 
and ventilation practice, and 

Whereas, the Society will miss his genial personality, his words of cheer and 
encouragement, his personal interest in each member and his kindly expressions of 
friendship, therefore, be it 

Resolved, that we, the American Society or HEATING AND VENTILATING 
ENGINEERS, deeply regret the passing of our fellow member, Edwin S. Hallett, that 
we cherish the memory of his frank, upright character and that we hold in loving 
admiration his qualities as an independent and courageous thinker, and also, be it 

Resolved, that a copy of these resolutions be spread upon the records of the 
Society and that a copy be sent to his family. 


President Lewis announced the appointment of a Committee on Resolutions 
with the following personnel: W. H. Driscoll, Chairman, H. P. Gant and C. L. 
Riley, who submitted the following: 


Resolved, that the congratulations of this Society be extended to the members 
of the Ontario Chapter, for the thoroughness with which they have attended to the 
many details necessary to the carrying out of a meeting with such a high measure of 
success as has attended their efforts here; and be it further 


Resolved, that the thanks of the Society be conveyed to the Ontario members for 
providing a meeting place so unique and so delightful, and for a pre | of entertain- 
ment and sports that has so happily provided for the pleasure of every visiting mem- 
ber and guest. 
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Resolved, that this Society express its appreciation to the charming women of 
Ontario who served so splendidly as members of the Ladies’ Committee, and whose 
presence helped make this meeting the great success that it is; and that the Society 
express its regrets that Mrs. Arthur S. Leitch, the Convener of the Ladies’ Committee 
should have been unable to be with us because of the sudden illness of her daughter, 
and express its hope for the speedy recovery of the young lady. 

Resolved, that it is the sense of this meeting that the Ontario Chapter could have 
made no better selection for the place of this meeting than Bigwin Inn; and that we 
express our appreciation to the management and staff of the Inn, who, confronted with 
the unusual situation of having to open up in advance of the regular season, for our 
accommodation, have met our needs so skillfully and satisfactorily. ° 

Resolved, that by popular acclamation this gathering place itself on record ex- 
pressing its admiration for the amazing skill exhibited by the Skipper of the Tooner- 
ville Trolley in conveying such a large number of our members and guests in perfect 
safety over the hazardous and tortuous passage of the Portage. 


W. H. Driscoll presented the following resolution which was unanimously 
adopted : 


Whereas, Tat AMERICAN Society oF HeaTING AND VENTILATING ENGINEERS is 
assembled in its 35th Semi-Aiaual Meeting, and 

Whereas, for the first time in its history, the Society is meeting outside the limits 
of the United States, and 

Whereas, this most successful and delightful event is being held under the aus- 
pices of the Ontario Chapter and within the confines of the British Empire; therefore, 

Be It Resolved, that the greetings of this Society be extended to the members 
of the Institution of Heating and Ventilating Engineers of Great Britain; and 

Be It Further Resolved, that as an additional mark of our esteem these Greetings 
be personally conveyed and delivered to the President of the British Institution of 


we and Ventilating Engineers by the President ofthis Society, Mr. Thornton 
wis. 


Report of Exposition Committee 
To THE CoUNCIL, 
AMERICAN Socrety oF HEATING & VENTILATING ENGINEERS, 


Your Committee on the International Heating and Ventilating Exposition wishes 
to report that under the able management of the International Exposition Co., plans 
for the International Heating and Ventilating Exposition are progressing rapidly, and 
this exposition should prove highly successful from every standpoint. 

Definite arrangements have been made to hold the exposition in the Commercial 
Museum, in Philadelphia, from January 27 to 31, 1930, inclusive. 

The Commercial Museum is admirably fitted for the holding of such an exposition, 
as all exhibits will be on one floor, which contains approximately 100,000 sq ft of space. 

To date, definite contracts have been signed with 120 exhibitors and the space so 
taken represents approximately 40 per cent of the total space available. 

With the exposition still six months in the future, it is believed that no difficulty 
will be experienced in contracting for space, and it is further believed that every phase 
of heating and ventilating industry will be represented at this exposition. 

Great care has been exercised by your Committee and the International Exposition 
Co., to eliminate all companies whose products do not directly bear on heating and 
ventilating work. 

The members of the Society can do much toward making this exposition a definite 
success, by urging heating and ventilating manufacturers to use space and exhibit their 
products. 

Respectfully submitted by Apvisory CoMMITTEE OF INTERNATIONAL Heatinc & 
VENTILATING EXPposiTION. 


June 28, 1929: H. P. Gant, Chairman 
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PROGRAM 
W ednesday, June 26 


8:30 a.m.—Registration. 
9:30 a.m.—Greeting by Ontario Chapter President. 
Response by Pres. Thornton Lewis. 
Instruments for the Measurement of Air Velocity, by Prof. J. H. Parkin. 


Analysis of the Over-all Efficiency of a Residence Heated by Warm Air, 
by Prof. A. P. Kratz and J. F. Quereau. 


Air Conditioning System of a Detroit Office Building, by H. L. Walton 
and L. L. Smith. 


Heat and Air Volume Output of Unit Heaters, by Prof. L. S. O’Bannon. 


Report of Committee on Code for Testing and Rating Unit Heaters, by 
D. E. French, Chairman. 


~~ -—~ 


Thursday, June 27 


9:30 a.m.—Errors in the Measurement of the Temperature of Flue Gases, by Percy 
Nicholls and W. E. Rice. 


Pipe Sizes for Hot Water Heating Systems, by Prof. F. E. Giesecke and 
E. G. Smith. 


Report of Guide Publication Committee, by S. R. Lewis, Chairman. 


Capacity of Radiator Supply Branches for One and Two-Pipe Systems, 
by F. C. Houghten, M. E. O’Connell and Carl Gutberlet. 


Report of Committees on Interpretation of Code for Rating Low Pressure 
Heating Boilers, by L. A. Harding, Chairman. 


Friday, June 28 
9:30 a.m.—Determining the Quantity of Dust in Air by Impingement, by Prof. F. B. 
Rowley and John Beal. 
Five Suggested Methods of Appraising Insulations, by Paul D. Close. 
Time Lag as a Factor in Heating Engineering Practice, by James Govan. 
Over-all Heat Transmission Coefficients Obtained by Tests and by Cal- 
culation, by F. B. Rowley, A. B. Algren and J. L. Blackshaw. 
' Report of Committee on Code for Heating and Ventilating Garages, by 
i E. K. Campbell, Chairman. 


Report of Advisory Committee on Heating and Ventilating Exposition, by 
H. P. Gant, Chairman. 





ENTERTAINMENT EVENTS 
Tuesday, June 25 


12:00 a.m.—Special train leaves Toronto for Bigwin Inn via Huntsville. 

6:00 p.m.—Arrive Bigwin Inn—Dinner from 6:30 to 8:00 p.m. 

8:15 p.m.—Special program for Ladies—Introduction of Chapter Officers in the 
Rotunda. 

9:00 p.m.—Informal reception and dancing in the pavilion. Motion pictures in the 
Rotunda. 





Wednesday, June 26 
8:30 a.m.—Registration in the pavilion. 
10:30 a.m.—Special hiking party for ladies to explore Bigwin Island. 
1:30 p.m.—Special Boat trip around Bigwin Island and Lake-of-Bays for ladies. 
2:30 p.m.—Qualifying Golf Match. 
7:00 p.m.—Semi-Annual Banquet in main dining room followed by dancing. 
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Thursday, June 27 
9:30 a.m.—Golf tournament for ladies. 
2:30 p.m.—Bridge party and tea for ladies. 
2:30 p.m.—Golf tournament for Research Cup. 


8:30 p.m.—Amateur Theatricals by cast of Ontario Chapter’s members followed by 
Masquerade Ball in the Ballroom. 


Friday, June 28 
2:00 p.m.—Golf Match. 
Tennis Tournament. 
Lawn Bowling. 
International Bang-and-Go Back Motor Boat Racing Contest (each Chap- 
ter will have a boat). 


Log Rolling Contest by local talent. 
COMMITTEE ON ARRANGEMENTS 


M. Barry Watson, General Chairman A. J. Dickey, Finance 
Artuur S. Leitcu, Entertainment E. B. SHEFFIELD, Transportation 
M. F. Tuomas, Reception E. M. Dotan, Publicity 
Lapies CoMMITTEE ON ARRANGEMENTS 
Mrs. A. S. Lertcu, Convener Mrs. M. B. Watson 
Mrs. M. F. Toomas Mrs. A. J. Dickey 
Mrs. E. B. _ pe Mrs. R. W. M. McHenry 
Mrs. H. R. Fietr Mrs. H. H. Ancus 
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No. 836 


ANALYSIS OF THE OVER-ALL EFFICIENCY OF 
A RESIDENCE HEATED BY WARM AIR 


By A. P. Kratz’ (Member) and J. F. Quereau® (Non-Member), Urpana, ILL. 


ACKNOWLEDGMENTS 


sé HE data presented in this paper were obtained in connection with an 
investigation which is being conducted by the Engineering Experiment 
Station of the University of Illinois, of which M. S. Ketchum, Dean of 
the College of Engineering, is Director, in co-operation with the National Warm 
Air Heating Association, under the supervision of A. C. Willard, Professor of 
Heating and Ventilation and Head of the Department of Mechanical Engineer- 
ing. The basic data from which this paper is prepared are given in Engineer- 
ing Experiment Station Bulletin No. 189.8 


Under the terms of a co-operative agreement between the National Warm 
Air Heating Association and the University of Illinois, a very extensive study 
of furnace heating problems has been made, using first an experimental plant 
with auxiliary equipment in the laboratory, and later a typical modern residence 
erected by the association for the express purpose of correlating and extending 
the work in the laboratory to the conditions of actual installation. It was in 
this residence that the data herein presented were obtained. 


INTRODUCTION 


The design of house heating plants has usually been based on the assumption 
that the only heat available for compensating for the heat loss from the house 
would be that actually delivered to the rooms by the heating plant. Thus a 
boiler or furnace operating at 60 per cent efficiency would be expected to utilize 
60 per cent of the heat of the fuel burned and to deliver this heat at the boiler 
nozzle or furnace bonnet. The loss between the heating unit and the rooms 
would then be deducted and only the remainder, usually less than 50 per cent of 
the heat of the fuel, would be regarded as available for actually heating the 
rooms. 


Data obtained in the warm air heating research residence have indicated that 


in a self contained heating system much of the assumed waste heat is available 
for heating the house and is utilized quite efficiently. With efficient combustion, 





4 Research Protessor, Engineering Experiment Station, University of Illinois. 

Pore es song Assistant, Engineering Experiment Station, University of Illinois, 

*“*Investigation of Warm-Air Furnaces and Heating Systems, Part IV, Research Residence,” 
by A. C. Willard, A. P. Kratz and V. S. Day, Engineering Experiment Station Bulletin No. 189. 

Presented at the Semi-Annual Meeting of the AmERIcAN CIETY OF HEATING AND VENTIL- 
ATING Encineers, Bigwin Inn, Lake-of-Bays, Ontario, Canada, June, 1929. 
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most of the 50 to 60 per cent usually assumed as loss, is used for heating the 
house and results in a very high over-all house efficiency. It is with this over-all 
house efficiency that this paper is concerned. 


DESCRIPTION OF RESIDENCE 


In all respects, the research residence, Fig. 1, is of standard frame dwelling 
construction, with the single exception of the studding, which is 2 in. 6 in. 
instead of the usual 2 in. X 4 in. This permits the use of larger wall stacks, 
or vertical heat pipes, than could be used in 2 in. X 4 in. construction. The 
wall section is as follows: weather boarding, building paper, ship-lap siding 
on 2 in. X 6 in. studding, lath, and plaster with rough sand finish. The coeffi- 
cient of heat transmission for this wall section is 0.20 Btu per square foot per 
hour per degree Fahrenheit, at a wind velocity of 15 mph. The walls are not 





Fic. 1. Warm-Artr Heatinc REsearcH RESIDENCE, AT URBANA, ILL. 


insulated, and no weatherstripping is used at the windows and doors. Inter- 
locking copper shingles are used on the roof. The research residence has not 
been occupied by a family. A caretaker has lived in the residence, and the daily 
occupants have been the members of the research staff. Furniture, rugs, and 
window shades and curtains were provided. No cooking or other domestic 
activities requiring the application of heat were carried on. Thus the kitchen, 
as well as all other rooms, received heat solely from the heating system. 

The room arrangement and exposures are shown in Figs. 2, 3, and 4. It 
should be noted that only one room, the bath-room, has a single exposure to 
the weather, and that throughout the residence the proportion of glass area is 
high. Hence the heating problem was typical of residence heating. The heat 
losses calculated by the standard methods are approximately 119,000 Btu per 
hour at 0 F, and 15 mph wind velocity. 


HEATING PLANT 


A gravity circulating warm-air heating plant was installed, and has been 
in operation in the residence continuously during each heating season since 
December, 1924. The heater was of a common cast-iron type, and had a grate 
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area of 2.88 sq ft. The smoke pipe, 10 in. in diameter and 10 ft in length, was 
connected to a 12-in. & 12-in. fireclay-lined flue, which was 35 ft high. This 
chimney had 8-in. brick walls, and passed up through the house. A cross 
damper in the smoke pipe, 3 ft from the furnace, was used to restrict the draft. 
The check draft was sealed. 

The location of the warm-air registers is shown in Figs. 2, 3 and 4, and 
details of the piping and registers are given in Table 1. A single cold air return 
was in use when the data herein presented were obtained. The cold air was 
returned through a 36-in.  36-in. square wood grille and 33-in. round duct, 
from a position in the hall near the main entrance of the residence. The free 
area of the grille was 800 sq in. and the duct area 854 sq in. 


The heat pipes and fittings, eleven in number, were of standard commercial 
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3 Fic. 4. Tuirp Floor PLAN with Location OF WARM-AIR REGISTERS 


sizes and types, no effort being made to obtain streamline flow by the use of 
special fittings. All pipes were of bare bright tin, except for narrow sealing 
strips of asbestos paper at the joints, previous tests having demonstrated that 
asbestos paper covering on bright tin pipes is wasteful of heat.t The wall stacks 
were of mixed construction, some being of double tin with intervening air space, 
and others of single tin construction. The cross-sectional area of the stacks 
averaged 70 per cent of the area of the basement heat pipes to which they were 
connected. Registers were of commercial types and sizes and, in this particular 
installation, were all of the wall types. 
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Tasre 1. Leaver Pipe, Stack, AND Recister Sizes Usep IN WARM AIR RESEARCH 


S38 .52 a 








RESIDENCE 
Leader Stacks (or Throats) Registers 
Story Room Dia. Area Size Type Area Size pend yo 
In. Sq In. In. SqIn.}| In. | Sq In.] of Total 


























Living Room, N.j10 78.5) 5%4x13 | Double | 71.5 | 10x12} 83.5 70 
rE Living Room, S./10 78.5} 52x13} Double | 71.5 | 10x12/ 83.5 70 
i 4 First | Hall 12 113.0) 7%6x14 | Single | 106.0 | 12x14| 120.5 72 
Dining Room 10 78.5) 5%4x13 | Double | 71.5 | 10x12! 83.5 70 
Kitchen 12 113.0) 7 x14/| Single | 98.0 | 12x14| 120.5 cS 
E. Bedroom 10 785) 5 x12| Single | 60.0 | 10x12} 83.5 70 
Second |S: W: Bedroom |9 64.0} 31x12 | Single | 420 | 9x12| 740| 69 
Bathroom 8 50.0} 3 x10| Double | 30.0 | 8x10) 53.0 67 
N. W. Bedroom |10 78.5) 52x13 | Double | 71.5 | 10x12| 83.5 70 
Third |E. Dormitory 8 50.0} 3 xl0/| Single | 30.0 | 8x10} 53.0 67 
: W. Dormitory |8 50.0) 3 x10 | Double | 30.0 | 8x10| 53.0 67 








TOTALS 
First 461.5 417.5 
Second 271.0 203.5 
Third 100.0 60.0 





























* Emissivity of Heat proms Various Surfaces, by V. S. Day, University of Illinois Experiment 


Total _ | 832.5 i ae 
Station Bulletin No. 117 | 
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It has been the object in this description of the research residence and the 
heating plant to show that both were standard rather than special, and that, 
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therefore, the data which follow are such as might be obtained in any well de- 
signed warm-air heating plant. 


FuRNACE PERFORMANCE W1ITH Harp AND Sort Coat 
The performance of the plant with anthracite coal, low-temperature and by- 
product coke, and bituminous coal is shown by the curves in Fig. 5. 


With anthracite coal, the maximum efficiency of the furnace proper was 58.5 
per cent, and the corresponding combustion rate was approximately 2.5 Ib coal 
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burned per square foot of grate per hour. With soft coal, the maximum effi- 
ciency was only 41 per cent and occurred at a combustion rate of over 4 Ib. 

Of the heat in the air at the furnace bonnet (which at a maximum was 58.5 per 
cent of the heat of the fuel burned), only 75 per cent was delivered at the regis- 
ters. This is shown by the curves of Fig. 6. This loss of heat between the 
bonnet and registers consists of heat loss from the leaders in the basement and 
from the stacks in the walls, and takes place by both radiation and convection. 
It has the effect of reducing the efficiency of the system as a whole, as shown 
in the lower curves of Fig. 6. Here the efficiencies as of the bonnet and as of 
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the registers, for both hard and soft coal, are shown. With hard coal, it is 
indicated that whereas 59 per cent of the heat of the fuel was available at the 
bonnet only 44 per cent finally was delivered at the registers. For soft coal, 
the corresponding values were 41 per cent available at the bonnet and 31 per 
cent delivered at the registers. 

In designing the heating system for the residence, a register air temperature 
of 175 F, and a corresponding combustion rate of 7.5 Ib coal per square foot of 
grate per hour in zero weather were used. However, the data taken over a 
period of two winters indicates that in spite of a furnace efficiency of less than 
60 per cent, and a considerable loss between the bonnet and registers, the plant 
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operated at a 135 deg register temperature and a 3.5 lb combustion rate, as 
shown by Fig. 7. 

The design was based on the assumption that the only heat available to supply 
the heat loss from the house was the heat delivered at the registers. It is appar- 
ent from the data obtained that this was not the case for the house was satis- 
factorily heated at much lower register air temperatures and combustion rates 
than those assumed. The difference between the heat appearing at the bonnet 
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and that delivered at the registers was not a real loss. The loss from the stacks 
served to warm the walls and to make up a heat loss that otherwise would have 
had to have been supplied by the air in the rooms, and the radiation and con- 
vection from the leader pipes was available for warming the first story floors. 
Any heat loss between the bonnet and registers or from the furnace casing and 
smoke pipe must of necessity remain in the house. The heat may not be utilized 
to the best advantage, but it is by no means a total loss. 

In the same way the heat loss from an inside chimney is available for heating 
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the house. For an indication of the magnitude of the heat available within the 
residence from the smokepipe and chimney see the flue gas temperature curves 
of Fig. 8 and the total heat loss curves of Fig. 9. In the former figure, the flue 
gas temperature drop in zero weather is (570 — 190) = 380 deg for hard coal, 
and in the latter figure, the difference in the total heat loss at the furnace and 
the top of chimney is (20.5 — 7.5) = 13.0 per cent of the heat in fuel. 


Over-ALL EFFICIENCY OF RESIDENCE AND HEATING SYSTEM 


The loss of heat from the top of the chimney, when an inside chimney is 
used, is the only ultimate loss of heat from the house. By subtracting from 100 
the percentage losses at the top of the chimney, as shown by Fig. 9, the over-all 
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efficiency of the house and heating installation may be determined. This has 
been done, and the efficiency curves are shown in Fig. 10. When hard coal was 
fired, the over-all efficiency ranged from 92 to 97 per cent, averaging 95 per 
cent for average weather. With soft coal, the over-all efficiency averaged 75 
per cent. 

These over-all efficiencies have also been determined by another method, con- 
sisting of an accurate calculation of the heat loss of the building and a compari- 
son of this loss with the heat generated on the grate. A few points based on 
this method of estimating over-all house efficiencies are shown plotted in Fig. 10 
for hard-coal and soft-coal operation. Each point represents the average of 
several daily tests with each fuel; and the agreement between the points and the 
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curves indicates that the curves are a fair approximation of the over-all thermal 
efficiency of the house. 

Close agreement between the curves and the over-all house efficiency for any 
one daily test cannot be expected, since it is quite impossible to make a correct 
estimate of the exact heating load on any given day. Averages for several 
days, based on estimated daily heat losses for similar days, are much more 
reliable values, and were, therefore, used in Fig. 10. 

Bearing in mind that the residence was heated to 70 F with high over-all 
house efficiencies but with low register air temperatures and register efficiencies, 
it is evident that a large percentage of the heat found its way into the rooms 
of the house by indirect paths such as through the floors and walls and from 
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the chimney surfaces. An estimate of this indirect heat is shown in Table 2. 
With either hard or soft coal, the indirect heat exceeded in amount the heat 
delivered at the registers. 

While the indirect heat exceeded the heat delivered at the registers, its dis- 
tribution was such that the house was uniformly heated. The average tempera- 
ture at the breathing level for the first story based on 10 tests, was 70.7 F. For 
the second story the average was 70.1 F, and for the third story it was 67.0 deg. 
The average outdoor temperature for the 10 tests was 29.0. The maximum 
deviations from the average occurred in the S.W. bedroom, where the breathing 
level temperature was 73.0 F and in the N.W. bedroom where it was 66.4 F. 
The low temperature in the N.W. bedroom was caused by an unfloored attic 
space above the room. This condition was later corrected by nailing two layers 
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of %4-in. quilt insulation on top of the floor joists in the attic. When this was 
done, the breathing level temperature rose to 69.7 F. Hence, it is evident that 
the heat delivered at the registers was ample to serve as a control and to produce 
uniform temperatures throughout the house. 


PERFORMANCE ON Harp AND Sort COAL 


The results indicate a considerable difference in plant performance between 
hard and soft coal. From the general performance curves of Fig. 5 it may be 
noted that for a given combustion rate, soft coal gave a materially lower effi- 
ciency, capacity, and equivalent register air temperature than hard coal. Thus 
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soft coal gave an over-all house efficiency of only 75 per cent as compared with 
hard coal efficiencies of over 90 per cent. An analysis of the data obtained while 
burning the two fuels indicates the cause of this difference. 

The flue gas loss consists of a sensible heat loss and a loss resulting from 
unburned combustible constituents. Figs. 8 and 9 show the comparison of flue- 
gas temperatures and heat losses for the two fuels. For each kind of fuel four 
curves are shown representing the temperature of the flue gases at four points 
in their passage through smokepipe and chimney: The curves show that at a 
given combustion rate the flue-gas temperatures were almost the same for the 
two fuels. Thus at a combustion rate of 3.0 lb the curves show the following 





temperatures : Harp Sort 
CoaL 

Temperature at furnace, degrees fahrenheit 520 510 

Temperature at top of chimney, degrees fahrenheit 175 170 





(Temperature at top of chimney actually measured in chimney at roof line.) 


Furthermore, it should be noted that at the same combustion rate with hard 
and soft coal, the CO, percentage was the same in both cases. Therefore, the 
excess air and the weight of flue gas per pound of coal were approximately the 
same for the two cases. Hence at a given combustion rate, since the weight 
and temperature of the flue gas was the same for the two fuels, the sensible 
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heat loss must have been the same. It therefore appears that the difference be- 
tween the losses with hard coal and soft coal must have been largely due to 
unburned combustible in the flue gases. 

Analyses of the flue gas showed no hydrogen or carbon monoxide for hard 
coal, but for soft coal they indicated 2 per cent free hydrogen and 1 per cent 
carbon monoxide. This amount of free hydrogen represented a loss of approxi- 
mately 1100 Btu per pound of soft coal burned, and the 1 per cent carbon 
monoxide represented a loss of approximately 500 Btu per pound of coal burned. 
In addition there was more hydrogen in the soft coal than in the hard coal and 
hence the loss due to water vapor in the flue gas was greater. The total of 
these losses amounted to about 15 per cent of the heat value of the fuel. 

This 15 per cent loss resulted in higher combustion rates with soft coal for 
given indoor-outdoor temperature differences than those obtained with hard 
coal. A contributing factor was the difference in heat value of the two fuels; 
11,178 Btu for the soft coal as against 12,618 Btu for the hard coal. The net 
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Fuel Used Hard Coal Soft Coal 
Overall house efficiency, per cent of heat of fuel.......... 94 75 
Maximum efficiency at registers, per cent of heat of fuel.. 44 31 
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result as shown by Fig. 7 was a 5-lb combustion rate with soft coal for a 70 deg 
indoor-outdoor difference, as compared with a 3.5 lb combustion rate with 
hard coal. 

It has been indicated that at a given combustion rate the sensible heat loss 
in the flue gas was approximately the same for both hard and soft coal. But for 
soft coal the loss due to unburned combustible and increased water vapor to- 
gether with the lower heat value of the soft coal resulted in a considerable in- 
crease in the combustion rate for a given indoor-outdoor difference. This in- 
crease was reflected in a higher flue gas temperature, as shown in Fig. 8, where 
the combustion rate for zero weather is indicated. A higher flue gas tempera- 
ture represented a greater sensible heat loss, so that for a given indoor-outdoor 
difference the soft coal also had a greater sensible heat loss in the flue gases than 
the hard coal. This, however, was not a primary effect, but was brought about 
directly from chemical losses in the flue gases. 

The combined effect of the 15 per cent chemical loss and the increased sen- 
sible heat loss in the flue gas accounts for the 20 per cent decrease in over-all 
house efficiency when burning soft coal. The loss is entirely in the flue gas and 
could not possibly be available for heating the house. 


CoNCLUSIONS 


The practice of comparing heating plants on the basis of boiler or furnace 
efficiency may be misleading. The efficiency of the heating unit and distributing 
system is important from the standpoint of delivering heat at desired points, but 
in a self contained system such as a residence, the vagrant heat by no means 
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constitutes a dead loss. It raises the heating efficiency of the system as a whole, 
and generally serves to warm floors and walls where heat is desirable. When 
the over-all house efficiency is considered, the actual heating unit efficiency be- 
comes less important while combustion efficiency becomes more important. 

The over-all effect should be the final criterion for judging the performance 
of any heating system and the data illustrate that while a study of the perform- 
ance of the component parts of the system may be valuable in determining the 
possibility of improvement in the design of such parts, conclusions in regard to 
the performance of the system as a whole based on a study of the component 
parts alone may be very misleading. 


DISCUSSION 


PRESIDENT Lewis: Professor Kratz has brought up some very interesting 
points in his paper. I am delighted to see that he has summarized the conclu- 
sions which he and his co-workers have reached after a great deal of work on 
this residence. I am sure that there is going to be some interesting discussion. 

Joun Howarrt: In following Professor Kratz’s presentation I noticed that 
the coal burned is used as a factor in determining the efficiency. In listening to 
the explanation of the paper it occurred to me that the term should have been 
the coal fired, not the coal burned. It does not seem possible to obtain an over- 
all efficiency of 95 per cent on an ordinary house furnace. I know that in an 
ash test it is not uncommon to find it nearly 30 per cent combustible. If you 
have 30 per cent combustible in the ash, you cannot have an over-all efficiency 
of 95 per cent with fuel containing 15 per cent ash. It is possible that Professor 
Kratz meant the coal thrown in the furnace, not the coal burned when estimat- 
ing efficiencies. 

He shows that a great deal of the heat discharged in the smokestack is recov- 
ered in the building by reason of the radiation from the stack. I believe more 
residences are built with the stack up the outside wall, than there are built as 
shown in the sketch with the chimney built up through the house. In that case 
the heat will not be recovered to any appreciable degree. 

For a long time I have been interested in trying to learn how much an open 
fireplace costs. There is an open fireplace illustrated in this plan. I know a 
great deal of heat goes up an open fireplace. It is a very efficient ventilating 
device, but it costs money to operate. I wonder if tests have been made in this 
building equipped as it is with fireplace to determine how much heat is wasted 
up the fireplace flue. 

Pror. A. P. Kratz: In reference to the first point that Mr. Howatt has 
brought up, we calculate all of our efficiencies, and all of our performances on 
the basis of coal burned. We find that we do not have very much combustible 
loss in the ash pit. Our combustible loss in the ash pit is such that our grate 
efficiencies run from about 94 per cent to about 97 per cent. The ash is taken 
out normally once a day, just as it is in house service, and we do not have any 
carbon in the ash amounting to, as he has said, 30 or 40 per cent. Our total 
over-all grate efficiency averages 95 per cent, so there would not be very much 
difference, whether we took it on the basis of coal fired or coal burned. 

In reference to his second point, most of the heat regained is not regained 
from the chimney. There is not such a very large heat loss from the chimney 
itself. Most of the heat regained is regained from the warm air stacks and 
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from the smoke pipe in the basement, and from the furnace casing, although 
the furnace casing does not get very warm. 

In reference to the open fireplace, all of our tests have been run with the 
damper in the fireplace shut, and this is a tight damper. We have tested it with 
smoke and anemometer readings, and we do not get very much air passing up 
the chimney. Ultimately, we expect to try leaving it open, and also try it with a 
grate fire. We have not reached that point in our program yet. 

R. V. Frost: I am very glad to see Professor Kratz bring out the point of 
high over-all efficiency in house heating with anthracite. Assumed low efh- 
ciencies have been over-emphasized in house heating, and it is well to have the 
point stressed to show that we do not have efficiencies of 50 per cent in house 
heating. It is quite the habit among oil burner and gas boiler people to point 
out that coal burning is very inefficient; that the average efficiencies run around 
50 to 60 per cent. Professor Kratz has shown us that this is not a fact. 

In some of my own work in the testing of domestic stokers burning anthra- 
cite coal we have found that with these stokers installed in domestic size heating 
boilers of either steel or cast iron, such as are now on the market, we can easily 
obtain efficiencies of 85 per cent. 


Mr. Howatt’s reference to 30 per cent combustible in the ash is a little bit 
excessive. In our tests we have found that the highest percentage of com- 
bustible we have been able to obtain under very careless operating conditions is 
about 35 per cent, while with normal operation, such as should be obtained in 
residence heating, the amount of combustible in the ash averaged from 10 to 20 
per cent. If you have 10 per cent combustible in the ash, the resultant drop 
in efficiency is less than 2 per cent and a 30 per cent combustible in the ash 
means only 7 per cent drop in the efficiency, so even with an excessive drop, 
this loss is not such a bad characteristic after all. Since the loss in the ash is 
the heaviest loss in burning anthracite it is apparent that it is easily possible 
to maintain efficiencies well up to those that Professor Kratz has brought out. 


H. R. Linn: We had occasion a few years ago to observe some tests on 
a warm air furnace. We were aiming to do away with the excess carbon 
monoxide and unburned hydrogen by introducing secondary air above the fire. 
I would like to ask Professor Kratz what the difference was in temperature be- 
tween the floor and ceiling heights in these tests. 


ProFessor Kratz: Our temperature differences between the floor and ceiling 
throughout the house on the first floor on a zero day averaged from 12 to 15 F. 
Of course, the temperature difference between floor and ceiling depends on the 
outdoor temperature. We use zero outside as our basis for comparison. The 
temperature difference on the first floor averaged approximately 15 F. On the 
second floor I think it was a little higher; I would say 16 F, and on the third 
floor maybe as high as 17 to 18 F. This is in common with practically all other 
types of heating apparatus. You find quite large temperature differences be- 
tween the floor and ceiling. 


In reference to using secondary air above the fire, it has been our experience 
that combustion rates are so low in warm air furnaces, or any house heating 
apparatus, that the temperatures above the fire are not maintained at a point 
high enough to make the utilization of auxiliary air brought in above the fire 
of any consequence unless you can in some way provide fire arches or use some 
modification of the down-draft principle. The cracking of the hydrocarbons 
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occurs at the surface of the fuel bed, and the temperatures are so low that you 
cannot prevent the cracking of the hydrocarbons even if you do admit auxiliary 
air above the fire. 

Pror. L. M. Arktey: I would like to ask Professor Kratz a question, in 
connection with the distribution of. heat in the building. One of the chief 
criticisms of warm air heating, as I have heard them, was the difficulty of 
uniform distribution of heat. Also, I would like to ask Professor Kratz if he 
has any information in regard to the relative efficiency of heating with this 
system as compared with hot water and steam heating, etc. 

Proressor Kratz: In reference to the distribution of heat around the house, 
using the breathing line temperatures as a criterion, we found that our maximum 
differences did not exceed about 3 deg from room to room. Of course, most of 
the time we had the doors open throughout the house. We ran a certain number 
of tests with the doors shut between different rooms, and we were not able to 
observe that there was any particular difference between the distribution with the 
doors closed and with them open. We found very uniform distribution, there- 
fore, in the whole house. 

Proressor ARKLEY: Have you any information as to the efficiency of this 
system compared with hot water and steam heating ? ; 

Proressor Kratz: Not as to the house itself. We have not run any tests, 
but there is no reason to believe that it will be any different in this case, at 
least not materially different. 


T. F. McCoy: I would like to ask Professor Kratz if the air that was heated 
was taken entirely from out of doors, or if there was any recirculation. 


ProFessor Kratz: It was all recirculation. We did not take any of the air 
from out of doors. 

Pror. G. L. Larson: I assume these tests were taken at a time of the 
year when you were getting maximum efficiency conditions. Would those hold 
approximately through the entire season? 

Proressor Kratz: The curves were plotted from results taken over the whole 
season. We run our tests from the time that we are able to start the fire and 
maintain a temperature as low as 70 F at the breathing level on through the 
whole heating season. We find that when the temperature out of doors gets 
above 50 that we have some tendency to overheat the house, but all of our tests 
are based on the whole range of outdoor temperatures. 

H. Gurney: The statement is often made with regard to the paramount im- 
portance of insulation. Would that apply? Would not one have to measure 
the heat lost through cellar walls and cellar glass? In most cellars heat is not 
wanted. 

Proressor Kratz: With a warm air furnace if the system is properly designed 
the air circulation is free enough through the casing so you do not have a mate- 
rial heat loss in the basement. We have no insulation on the jacket, and our 
basement temperatures run approximately 60 to 65 F. If the basement is too 
warm with a warm air furnace system, the way to correct it is not to attempt 
to apply insulation, but to correct the air circulation system, that is, to reduce 
the resistance in the air system. I did not mean to imply that insulation 
is worthless; by no means. Insulation is desirable even in the warm air furnace 
in order to get the heat up to the rooms where it is desired. But the applica- 
tion of insulation, particularly on a warm air furnace system, will not be re- 
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flected in savings in the coal pile, or rather, savings in the coal pile will not 
result from the application of insulation. It merely changes the distribution 
of heat in the system and not the total loss of heat from the house as a whole. 

We have taken humidity readings regularly. Our humidities vary from about 
15 per cent to 40 per cent, depending on the outdoor temperature. We have 
made some attempts at humidifying, using the regular commercial types of 
humidifiers, but none of them humidify above about 18 per cent in zero weather. 

F. W. Jounson: I am somewhat surprised at the 175 F outlet temperature 
mentioned as having been used in making computations for heat in-put into 
this particular residence. I have always thought that the furnace method of 
heating has suffered largely at the hands of its friends. The general public 
speaks of a hot air furnace; whereas, we heating engineers would like to speak 
of it as a warm air furnace. Therein lies the difference between satisfaction 
and dissatisfaction in a great many installations. 

It appears to me that a 175 F outlet temperature in the average residence 
is excessive. The same amount of heat can be conveyed into a house in a much 
more healthful manner and distributed through it more efficiently by circulating 
larger volumes of air at correspondingly lower temperatures. It would appear 
to me to be obvious that a better distribution of the heated air, in better con- 
dition for breathing, with, consequently, more comfortable conditions, can be 
obtained by such a practice. 


I would like to ask Professor Kratz whether this 175 F entering temperature 
has been accepted and endorsed by the National Warm Air Heating Association. 
If so, it is my opinion that such approval is dictated more by economic considera- 
tions than by sound engineering practice, and it can only serve to perpetuate 
and to some extent strengthen the prejudice which has been aroused in the 
minds of many against hot air furnace heating. 


ProFessor Kratz: In order to answer that I will have to go back slightly 
into the history of the case. When the investigation was first undertaken, some 
idea had to be obtained as to what the Association was going to regard as ac- 
ceptable register temperatures. The Advisory Committee of the Association 
at that time thought that 175 F was acceptable, so they defined any system 
operating with register temperatures below 175 F as a warm air system, and 
any system above 175 F as a hot air system, and went on record as recommend- 
ing that the warm air system was to be the one used—that is, with register 
temperatures below 175 F. 


When the laboratory tests were run, the leader carrying capacities in Btu 
per square inch of leader pipe were determined for different register tempera- 
tures, and practically all the codes were based on the values at 175 F as the 
basic temperature for design. As you have seen from the results that we put 
on the screen, if the 175. F is used as a basis for design, the actual performance 
of the plant was with register temperatures in the neighborhood of 140, which 
is, of course, more desirable, as you point out. So the case is automatically 
taken care of due to the stray heat loss through the house. 


Mr. ArneswortH: I think it would be very beneficial and of a great deal of 
use to consider the use of storage heat from electricity. The N. E. L. A. is car- 
rying on rather an extensive investigation along this line. They have had some 
experience with one home there near Chicago, and an investigation showed 
that you can heat that home for approximately the same amount with electricity 
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as you can with gas. That is something to think about. There are several 
different forms of furnaces that go into this system, and the N. E. L. A. is car- 
rying on rather extensive investigations. I think it is something that the 
Society might take note of, because they are going to get a lot of data out of 
that which may change some of the formulae for house heating. 

C. W. DeLanp: I am wondering if you found it more difficult to heat the 
northwest room with its large amount of wall and glass than the balance of the 
house. 

Proressor Kratz: The first season that we ran the house, in the northwest 
bedroom—which was an outlying room—the temperature at the breathing line 
was about 4 F lower than it was on the average for the rest of the house. 
We attempted to bring the temperature up in that room by increasing the size 
of leader pipe, and also by insulating the leader pipe, and we did not succeed. 
Finally we insulated the room by installing about 1 in. of a quilt insulation on 
the ceiling joists, and now the temperature of that room is practically the same 
as the breathing line temperature over the whole house. We did have some 
difficulty at first and corrected it by insulating the ceiling. 

H. L. Watton: I understood Professor Kratz to account for the lesser ob- 
served coal consumption than that predicted as being due to the heat recovered 
from the loss in the ducts and risers. It occurs to me that there may be a dif- 
ference in the heat loss of the building from that computed. From the curves 
there was a certain coal consumption observed, and other curves show that 
predicted for what I understood to be the same temperature conditions; and 
that observed was less than that predicted. I understand that the predicted 
consumption was based on the only heat available for heating the house being 
that given off at the registers, and that the lower coal consumption resulted 
from the heat loss in the ducts being effective in heating the house. Now 
the predicted consumption must have been predicted from computing the heat 
losses from the building, and the computation of such heat losses is not an 
exact science. There is usually some error, and might not that account for some 
of the difference between the two coal consumptions—the predicted and the 
observed ? 

ProFEessor Kratz: I would say no, because the heat loss calculations from 
the house itself when compared with the heat in the coal fired, checked very 
well with our over-all efficiency as calculated from the heat appearing in the 
flue gas at the temperature existing at the roof line. Therefore, we had that 
as one check on the accuracy of the heat loss computations. The second check 
on the accuracy of the heat loss computations was that no room failed to heat 
by any large percentage of what we had calculated. If we had made a material 
error in the heat loss calculations, or rather in the assumptions in calculating 
the heat losses, it would have shown up in some of the individual rooms as 
well as in the house itself. So I would say to answer your question, that I feel 
that we have pretty close checks on the validity of our heat loss calculations 
from the house, both before the system was put in and after the system was 
installed. 
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AIR CONDITIONING SYSTEM OF A DETROIT 
OFFICE BUILDING 


By Hiram L. Watton’ anv Lesiie L. Smita,’ Detroit, Micu. 


MEMBERS 


IXTEEN stories and two basements of the Union Trust Building in Detroit 
S are heated and ventilated throughout by a combined air conditioning 

and heating system. Some air conditioning of office buildings has been 
done in the Southwest and provision has been made for it in some recent build- 
ings in other localities, but it is believed that its application to an office build- 
ing as a combined system and to the extent that occurs in the Union Trust 
Building would make a description of this installation and considerations affect- 
ing its design and operation of interest to the profession. 


The Union Trust Building (Fig. 1) is 80 ft wide by 270 ft long on the ground. 
It is 40 stories in height above grade and has three basements below grade. 
There are street exposures on the north and south ends and west side and an 
alley exposure on the east side. The National Bank of Commerce affiliated 
with the Union Trust Co. occupies the first five floors. The lower banking 
room is on the first floor and the main banking room is on the second floor 
and extends in clear height through four stories of the building. Both of these 
banking rooms are open to the lobby, which is nearly as high as the main bank- 
ing room and is separated from it for its full width and height (Fig. 2) only 
by an open grille. 

The first basement is occupied by the safety deposit and security vaults and 
the second basement by the record vaults and filing departments. There is a 
relatively large working population on this latter floor. The Trust Co.’s offices 
occupy the seventh to fifteenth floors inclusive and part of the sixth. Pro- 
vision has been made for the future occupancy of the sixteenth floor. 

The space occupied by the Bank and Trust Co. including the basements and 
sixteenth floor is provided with a combined air conditioning and heating sys- 
tem. By an air conditioning system is meant, a ventilating installation that is 
capable of supplying a warmed and humidified air in winter and a cooled and 
dehumidified air in summer accordingly as the comfort of the occupants may 

1 Member of firm, Smith, Hinchman and Grylls, Detroit, Mich. 
2 Chief Mechanical Engineer, Smith, Hinchman and Grylls. 


Presented at Semi-Annual Meeting of the American Society oF HEATING AND VENTILATING 
Encineers, Bigwin Inn, Lake-of-Bays, Ontario, Canada, June, 1929. 


377 











378 TRANSACTIONS AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


require. This is further termed a combined heating system when the air is 
delivered at such temperature as to adequately heat the space supplied. Direct 
radiation has been installed in the toilets and stairways of the floors in question, 
but the air conditioning system is depended on for heating the remainder of 
the space. The space above the sixteenth floor is rental space and is heated by 
direct radiation of a semi-concealed type. 


The location of the safety deposit vaults and the record vaults and filing de- 
partments below grade in the first and second basements required a mechanical 





Fic. 1. Union Trust Buitpinc, Detroit 


system of ventilation for these areas for any condition that would be at all 
satisfactory to the occupants and customers. The first floor banking room has a 
large number of people on the floor at various times, and this area being only 
of normal height, 15 ft at the center, mechanical ventilation became a necessity. 
The main banking room on the second floor is probably of such height and vol- 
ume that, insofar as ventilation is a necessity, a local air movement within the 
room might suffice, even though the number of people within this room is con- 
siderable during the banking hours. As a convenient means of heating this 
room and accommodating the heating equipment to the architectural design and 
treatment, a blast system which in extent and arrangement would correspond 
to a ventilating installation was found preferable. In the Trust Co.’s offices 
there is a large working population amounting to a density in some areas of as 
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much as one person to 50 sq ft of floor area. The Trust Co. had been experi- 
encing an increasing crowded condition in their previous quarters for some 
time, and their records indicated that the percentage of lost time from illness 





Fic. 2, Matin BANKING Room witH Supply GRILLS oN CoLUMNS 


of employees increased in proportion to the number of employees that were 
added in any area when only natural means of ventilation were provided. A 
comparison with ordinary standards of ventilation further showed that many 
departments of the Trust Co. could not effectively utilize the space assigned 
to them if they had to depend on natural and window ventilation, It was evident 
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that a ventilating installation would be required for both the Bank and Trust 
Co.’s quarters. 
The necessity of a ventilating system having been established, the question 
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that now required consideration was whether or not this ventilating system 
should be an air conditioning installation. The additional investment and operat- 
ing costs could be estimated within such limits as would be required for factors 
affecting the adoption of air conditioning. 


The additional investment was estimated at $130,000.00. The operating costs, 
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TaBLe 1. Arr CoNDITIONING OPERATING Costs 
Basis 
Conatity of veisignrations QUOME oo isciscccciccesccscesvas- 600 tons 
Hours of operation assumed 88.65 .0ccccscsccccccccecsccs 500 hours 
Power CoNSUMPTION 
Commpresanes Cocemecied 4088) 5.5. « «.6.0:0.5:505dcensd os ccvcee's 650 hp 
PIE | 566 back 06 bao swe 06th Rs OR iad a oede « 90 hp 
bo GER ra yet SPO Peer eee are 740 hp 
ee Re ere. eee nn ee ae | 555 kw 
Se Mr Ge Se PEE av sks b ks Sess acces cceitss $5,550.00 
REFRIGERANT : 
CO: @ 25 be oe ta ton per season @ $0.88 per Ib 
CI: OE ion 55 ido ste nwesean aan es cosaieads $1,200.00 
CoNDENSING an o's pik: Gib acnies ose spa hen WARMER unalantibie axe wal giaee oe 
Cost of water: $0.40 per 1,000 cu ft. Consumption based 
= 2.9 gal per min per ton with condensing water @ 
OF 
2.9 .40 
by a ee Pa ee Ce Pre $2,790.00 
7.5 1000 
PECUROE .o5 55 ddd 04s iene eansnd asda thhecasenaives 60.00 
$9,600.00 











exclusive of maintenance (Table 1), were estimated at $9,600.00 per year. 
Allowing annual fixed charges, including maintenance at 11 per cent,’ the 
total annual cost of the air conditioning feature over that which straight ventila- 
tion would have cost, amounted to $23,900.00. It will be noted that the operating 
costs do not include any item for attendance, it being concluded that the air con- 
ditioning would not result in any additions to the operating force. 

It is not feasible to give a dollars and cents value to the advantages of air 
conditioning to compare with the additional investment and operating costs. 
Outside of industrial plants, the widest use of air conditioning has been by 
theatres and department stores, and primarily for the purpose of attracting 
trade. 

The Bank and Trust Co. were not oblivious to the comfort of their customers, 
and it was recognized that an air conditioning installation would also have some 
advertising value for these institutions, but it was believed that comfort for 
their employees and working conditions that would contribute most to their 
health and efficiency were considerations that gave the greatest opportunity for 
return on any investment that might be made. It was futher recognized that 
there was some element of perfection in having air conditioning, and which 


TABLE 2. CAPACITY OF INSTALLATION 











System Lower Bank Main Bank | Office 
Volume of space served (cu ft)... 456,500 480,000 1,590,000 
Beth, HE DOMED ino csi ccksctscccvies 450 410 2,610 
Air supplied (cfm) ........... ad 69,000 74,000 150,000 
No. of conditioning units......... 1 2 2 
Air changes per hour............ 6.6 92 5.7 











8 Interest 6 per cent, amortization 1.5 per cent, taxes 1.5 per cent on full value, insyrance 
and liability 0.5 per cent, maintenance 1.5 per cent, total 11 per cen 
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would not be out of keeping with the building and its appointments and the 
standard of business conducted in it. All features considered, it was concluded 
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that it was well worth while to have the air conditioning at the investment 
and operating costs that would be incurred. 
The conditions to be maintained in the building were established at a tem- 
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perature of 70 F and a relative humidity of 40 per cent during the heating 
season, and during the summer a temperature not exceeding 80 F and a relative 
humidity not exceeding 55 per cent when the outside dry-bulb temperature was 
95 F and the outside. wet-bulb temperature was 76 F. In arriving at these out- 
side conditions, a chart was constructed typical of summer conditions for this 
vicinity. This chart is shown in Fig. 3. It will be noticed that the areas 
above the 95 F dry-bulb line and 76 F wet-bulb line, representing the degree 
days that the system would not be able to maintain the standard set, are very 
small. Normally for department stores and theatres in this locality, these 
limits are set lower (84 F dry-bulb and 73 F wet-bulb) and greater areas are 
tolerated. 


The air conditioning installation for the spaces previously defined consists of 
three separate systems: First—a system serving the first floor bank, main 
lobby, and vaults and work spaces occupying the first and second basements; 





Fic. 5. Heaters anp Distrisutinc Ducts 


second—a system serving the main banking room and office space below the 
seventh floor; third—a system serving the office floors of the Trust Co. These 
systems are hereinafter referred to as lower bank, main bank, and office systems 
respectively. The capacities of these three systems are given in Table 2. 


The air conditioning unit for the lower bank system is located in the third 
basement. The air is supplied (Fig. 4) at the ceiling of the space served and 
withdrawn from near the floor and thence returns to the conditioning unit. 
The two conditioning units for the main bank system are located in the machin- 
ery room on the sixth floor. This space is formed by the deep trusses carrying 
the stories above the main banking room and the walls resulting from fire- 
proofing the trusses form the enclosures for the air conditioning units. The 
admission of air and provisions for recirculation are similar to those for 
the lower bank system. For the heating of the space served by these two 
systems, several heating units of the fin-tube type have been installed in the 
supply ducts. There is a separate heater for each section of the space served 
whose heating requirements are expected to vary from that of other sections. 


The arrangement of these two systems with their supply and recirculating 
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ducts, the velocities in them and outlet velocities, follow very closely that which 
may be considered standard practice. It was feared that with the high banking 
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room open to the lobby, and with the elevators opening to this lobby, there 
might be objectionable drafts, and that it might be necessary to install a glazed 
partition between the main bank and lobby. Although the performance has 
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not been observed under extreme conditions, the indications are that objection: 
able drafts will not be experienced. 


The office system serving the 7th to 16th floors, inclusive, has two air con- 
ditioning units installed in the 6th floor machinery room, similarly to those fo1 
the main bank system. One of these units serves the North half and the other 
the South half of these floors. The South unit serves a space having three 
exposures,—namely, East, South and West. A separate fan, with its supply 
duct system, has been provided for each exposure, the purpose being to have 
the system of ducts for any one,exposure uninfluenced by variations in the 
leakage and wind pressure affecting the air supplied by the duct system for 
any other exposure. It is expected the flexibility of this arrangement will also 
be of advantage in summer conditions in compensating for the changing sun 
effect on the sides of the building. A heater (Fig. 5) has been installed on 
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Fic. 8. ARRANGEMENT OF Ducts AND FLoor CONSTRUCTION 


each floor for each duct system, which can be controlled to give air of the 
proper temperature to meet the heating requirements. 


The air conditioning units (Figs. 6 and 7) for the office system are typical 
in their arrangement and operation of those for the three systems comprising 
the complete installation. These units draw outdoor air in through louvres at 
the sixth floor level. They also draw recirculated air’ back through the return 
air shafts connected to return air grilles on the various floors. Both the out- 
door air and the return air enter a common chamber ahead of the dehumidifier 
where they are mixed to maintain a temperature above freezing. Part of the 
mixed air then passes through blast heaters and through the dehumidifier where 
it is washed and cleaned and its moisture content definitely fixed. The remainder 
of the mixed outdoor and return air by-passes the dehumidifier and enters the 
unit on the fan side. In the summer time the dehumidified air and the by- 
passed air are then mixed to obtain the required conditions of air delivered to 
the rooms. The dehumidifying is accomplished by CO, direct expansion coils 
installed as part of the air conditioning unit. During the heating season the 
process is the same except that the air is humidified. 


By running two ducts in place of one for a part of the distance, it was found 
that the distributing ducts (Fig. 8) on each floor could be kept within a maxi- 
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mum diameter of 12 in. where they crossed the floor beams. It was further 
found that structural considerations required these beams to be 22 in. in depth, 
and that if they were made 24 in. in depth and a joist floor construction used, 
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that the 12-in. ducts could run through the web of the beams (Fig. 9), effect- 
ing a very considerable saving in the cost of the structure over that which 
would have been required if the ducts had had to run under the beams. These 
distributing ducts terminate in a ceiling outlet, there being a double outlet for 
each bay, such that the usual office partitions can be run through the outlet 
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if division of the office space at any time requires it. These outlets have a 
damper for adjustment of the air quantity and a simple diffusing head for di- 
recting the air flow along the ceiling. No provision is made for the occupant 
having any control whatever over the quantity of air supplied to his office or 
over its temperature. 


The office system varies from the bank systems in the provisions for recir- 
culation. There is no system of recirculating ducts other than the recirculating 
riser to the unit at each end of the building. There are recirculating grills in 
the office partitions, located in general near the floor so that the air supplied 
to the office can in part find its way to the corridor and thence to the recirculat- 
ing risers. Some sacrifice in office privacy has resulted from the installation of 
these grilles, but in general the owners have felt that they could well tolerate 
it for the simplification and saving that it effected. In some offices and depart- 
ments where this loss of privacy was considered objectionable, double grilles 
have been provided with sound-proofing between them. 

With the occupant of an office having no control over the quantity of air 
supplied or over its temperature, some other provision had to be made for room 
temperature control. By providing on each floor a sub-duct system for each ex- 
posure and providing that system with its own heater, it was expected that, if 
the system was once adjusted for a proportionate air supply to each office, and 
if this air was supplied at proper temperature to one office for maintaining the 
room temperature, it would be of proper temperature for the other offices on 
the same duct system. On this basis a thermostat has been installed in a typical 
office for the control of the heater on a duct system. The effect of variation 
in the air supply due to wind pressure building up a counter pressure on any 
portion of the space supplied, has been minimized by carrying a relatively high 
static pressure on the system. Provisions for adjusting for such a condition 
have been further made by driving the fans, there being a fan for each exposure 
as above described, with variable speed motors. The occupants are not only 
prevented from interfering with the operation of the system itself, by adjust- 
ment of the quantity and temperature of the air supplied, but they are also pre- 
vented from upsetting exposure and leakage conditions by opening windows. 
All windows on the office floors are provided with keyed locks and are locked 
closed. 


It is felt that the heating of several separate rooms or offices from the same 
duct system by one heater without means of varying the amount of heat supplied 
to the various rooms is somewhat experimental even though those rooms may 
be subject to the same exposure conditions. However, the heating of an office 
building by a blast system was not untried. Such an installation had previously 
been completed for the addition to the Detroit Edison Co.'s office building and 
although of the double duct type, had well demonstrated the practicability and 
advantages of this means of heating. It was concluded that some greater varia- 
tions in the average room temperature than are ordinarily considered good 
temperature regulation might well be tolerated if omission could be accom- 
plished of the usual system of direct radiation. This radiation occupies valu- 
able floor space and subjects those, who must work in proximity to the radi- 
ator, to an uncomfortable baking on one side from the radiant heat—hardly 
consistent with the conditions for an air conditioned area. 


There was furthermore a saving effected in omitting the direct radiation 
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system that was available in offsetting the cost of the ventilating system. 20,- 
130 sq ft of radiation was omitted which in the form of ordinary wall-hung 
exposed radiation would have cost $35,000. Presuming that this radiation 
would have been made the semi-concealed type as was done in the rental space 
the cost would have been increased for the additional radiation, enclosures, and 
provisions in the building construction for them, by $16,000.00. The cost of the 
heater installation replacing the radiation amounted to $26,000.00, making a net 
saving of $25,000.00. 


The work carried on in finishing the building and in moving in has resulted in 
conditions in the areas served that have made it impractical to obtain more than 
a preliminary adjustment of the air conditioning installation since its comple- 
tion. The final adjustments are now being made, and although these have been 
under way less than a week at this writing, the indications are that difficulty 
will not be experienced in operating the installation to heat or cool the various 
rooms within a variation of temperature that will be satisfactory. 

The designers of this installation were greatly assisted in perfecting its ar- 
rangement and details by the engineers of the B. F. Reynolds Co. and Ameri- 
can Carbonic Machinery Co., who made the installation, and by the engineers 
of other air conditioning companies who gave so freely of their time and ex- 
perience during the stages of development. The designers are also not unap- 
preciative of the opportunity that was given them by the progressiveness of the 
building owners. 


DISCUSSION 


Tuomas CHESTER (WRITTEN): The architects and engineers responsible for 
this building have displayed praiseworthy initiative and they have taken a radical 
and progressive step which should be of interest to all members of the Society. 


From the information given in the paper it is evident the owners were shown 
that an air conditioning system was economically feasible and other owners 
may be expected to follow their example in increasing numbers. 


The treatment of the two lower portions of the building can be considered 
conventional, as many buildings have been similarly equipped. The novel 
feature is the air conditioning of the 7th to 16th floors inclusive. 

It is probable that the degree of success achieved will depend upon the extent 
of the reduction of infiltration of outside air, which of course is contingent upon 
the tightness of the windows. 


The paper states that effect of wind pressure on the air distributing system 
has been minimized by carrying a relatively high static pressure on the system. 
This statement is open to question as the aggregate area of all leakage crevices 
of windows, doors, elevators, etc. must be so large that no measurable air pres- 
sure can be set up within the building. Relatively high static pressure merely 
connotes smaller and cheaper ducts and higher operating cost. 


A 20-mile an hour wind would produce a pressure on the windward side of 
the building slightly less than 1/5-in. water column and a suction of equal 
amount on the leeward side. The air movement through the crevices would 
be at the rate of 20 mph or 1,760 fpm. To offset the wind action the vol- 
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ume of return air would have to be sufficiently less than the volume of 
supply air per minute, to permit of the difference supplying the outward 
leakage of all crevices on the leeward side and also leakages through stairway 
and elevator doors. In practice, air will be found leaking in through the wind- 
ward windows and out through tlie leeward ones, regardless of the interior air 
distributing system. 


The installation of three fan uaits at each end of the building to permit of 
alterations in air volumes and temperatures, to compensate for varying wind 
actions outside the building, is very good and should prove of benefit. This, of 
course, means diffusing suitably conditioned air with the air leaking in from 
the outside and this is an entirely different story to any attempt to prevent 
such inward leakage by carrying a relatively high static pressure on the sys- 
tem. Furthermore the large return air grilles are equivalent to open windows 
in their effect on air pressure. 

According to the paper, air enters an individual office through a ceiling outlet. 
This entering air will naturally drift towards the corridor, on its way to the 
recirculating downtake. In cold weather this will probably result in cold drafts 
from windows being felt by office occupants. It is to be hoped that the entering 
air is projected towards the windows. Possibly better results could have been 
obtained by introducing conditioned air through long and narrow grilles in 
window boxes, this air to be discharged upward in order to mix with the air 
leaking in due to wind pressure. 

M. G. Harsuta: Business men and executives are realizing more and more 
the importance of air conditioning and the fact that it is not a luxury but a 
necessity, and above all it can be truly termed as an investment. Of course its 
application to theatres where more people receive the benefits of air condition- 
ing than in any other type of building has been known as an investment yield- 
ing quick returns; in some theatres the investment has paid for itself in less 
than two seasons of operation. While such instances occur mostly on account 
of the fact that that particular theatre might have been the first in a neighbor- 
hood including other theatres to install a cooling plant, the fact remains that 
air conditioning is no more a novelty in theatres but an absolute necessity, if 
an owner wants to have the same patronage in summer that he enjoyed before 
he installed an air conditioning system. 


There is one particular note that struck a responsive chord in me by the 
authors that is very important; I might refer to that portion of the paper 
mentioning that the two conditioning units for the main bank system are located 
in a room the space for which was formed by the trusses carrying the upper 
stories. This shows collaboration of the architectural requirements of the build- 
ing and the economical location of air conditioning equipment, which is a very 
important factor in this work. Another point that cannot be lost sight of by 
anyone familiar with the design of air conditioning systems is of the same 
nature and I refer to that portion of the paper where the proper size of ducts 
was determined by the structural conditions of the floor, as noted in Fig. 8. 
Too many designers of air conditioning systems forget or neglect the impor- 
tance of designing air systems with due respect to the building construction, 
resulting more often than not in increased cost of new buildings or alterations 
to existing buildings to accommodate air conditioning systems which should not 
be so if the proper engineering thought is given to such problems. The authors 
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should be commended on bringing these two points out which to my mind are 
as important as the correct design and technique of the air conditioning plant 
iiself. 

Table 1 shows an estimate of air conditioning operating costs. I have made 
a thorough study of operating costs of air conditioning plants, it being my good 
fortune to be so connected with one of my clients that this work was placed in 
my entire charge. Under power consumption and cost of current the authors 
use approximately the entire connected load of 650 hp in addition to the pump 
power to determine the operating cost insofar as consumption of electricity 
is concerned. While no details of the number of refrigerating compressors are 
mentioned in the paper, I understand there are three. If this is the case the 
electrical consumption for a cooling season will no doubt be considerably less 
than that indicated in the cost; this can be accounted for in several ways. First, 
the fact that the city water, which I assume is used for condensing purposes, 
probably does not reach its maximum temperature until August in that locality, 
consequently each compressor will develop a greater tonnage when water is 
under 70 F. This in effect would reduce the power consumption for the first 
four to eight weeks that the refrigerating machines are started in operation in 
late Spring. Another point that will no doubt show a lower cost so far as 
electrical consumption is concerned is the fact that the wet-bulb temperature of 
the outside air does not reach its maximum for the first four to eight weeks of 
the season that the refrigerating plant is run. This would mean in effect that 
less power would be used for refrigeration during that period. In other words 
the cost of operating an air conditioning plant cannot be determined, in my 
opinion, from the connected load or rated capacity of the refrigerating machin- 
ery, which, incidentally are designed for close to a maximum condition of 
weather, occupancy and temperature of condensing water available. I have 
found after operating air conditioning plants for several years that the actual 
cost in a number of different types of plants is far less than any estimates that 
were available either from manufacturers of equipment or contractors installing 
same. 


A similar analysis of the cost of condensing water brings out the fact that 
the 2.9 gpm per ton with 70 F condensing water is the amount no doubt de- 
termined by manufacturers of standard double pipe condensers as required un- 
der the maximum operating conditions set forth in the paper. The average 
consumption of condensing water over an entire cooling season in a plant that 
has just ordinary supervision is considerably less than this amount, in fact so 
much so that it is rather startling to know how little condensing water is actu- 
ally used in such a plant. 

The estimated cost of refrigerant in my opinion is also high, particularly con- 
sidering the fact that CO, plants today are welded propositions throughout. 
The old days of flanges, bolts and gaskets are things of the past and the modern 
art welding reigns, with the result that one might safely say the loss of refriger- 
ant in the system is entirely up to the operating personnel for the refrigerant 
losses would occur in such places as stuffing boxes around piston rods, valve 
stems, etc., and these can be kept tight by proper attention. In my opinion the 
refrigerant losses in the system would be considerably less than the amount 
shown. 

I bring all these points out because in my experience I have found that when 
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anyone contemplates the installation of an air conditioning plant their move 
is prompted by usually one motive and that is to have cool air; they are not 
concerned about operating costs and as a matter of fact this is never brought 
out to them. When, however, they start paying the bills for electricity, water 
and refrigerant they begin to realize that the “feeding of the horse” is quite a 
sizable item. Then if such an owner may be in the market again for an air 
conditioning plant he will think about such things as operating and maintenance 
cost and if accurate data are available showing such costs he would not be 
alarmed and would find also that it would not be considered an expense but 
an investment just as the original cost of the plant no doubt proved itself to be. 


The paper in my opinion shows the greater need of air conditioning en- 
gineers acting in a consulting capacity; these engineers should be thoroughly 
familiar with every phase of air conditioning as well as its application to build- 
ings of any type and they should also have a thorough knowledge of building 
structures and their costs in order to properly and economically adapt an air 
conditioning system to any type of building. The authors are to be commended 
for the thoroughness of their work in connection with the Union Trust Build- 
ing in Detroit. 


H. L. Watton: We have since had another period on June 19, in which there 
were 91 F dry-bulb and a relative humidity of some 60 per cent. Now the 
question that has been raised by many who have examined the system is as to 
whether or not the temperature conditions can be controlled reasonably uni- 
formly throughout so extensive an installation, particularly in the office portion. 
The first seven floors of the building are on one system, as stated before, and it 
will be observed from the chart on the following page that the dry-bulb tem- 
perature for the space served by that system varies from some 73 to 76 F, 
the wet-bulb temperature from 60 to 64 F, and the effective temperature from 
the lowest, 66% F, to the highest, 69.3 F. That was not a variation that was 
at all uncomfortable to the occupants. It seemed quite satisfactory to them. 


In the wintertime we believe the condition is more favorable for the control 
of the temperatures in the various rooms, since that part of the system on each 
floor serving one exposure has its own separate heater which is under thermo- 
static control, and the amount of heat it puts in can be varied as might be re- 
quired by that one small section of a floor. In the summertime the only oppor- 
tunity of control is at the dehumidifying unit, and the variation in the amount 
of air that is supplied to one exposure, is limited, not to one floor, but to all the 
floors that are on that one riser. 


I might say that approximately 70 per cent of the air is being recirculated, and 
the system is designed to maintain a rather high static in the ducts to get some- 
what of a plenum effect to minimize the effect of variations in wind velocities, 
and the sun effect, or other causes that might change the quantities of air being 
supplied to rooms on the same duct system. 


The observed static pressure is 0.4 in. for one portion of the duct system, 
and the computed friction loss is 0.24, so that we are consuming some power 
for the purpose of maintaining that plenum effect. The resulting increase in the 
cost of power amounts to approximately $600 a year. That is, perhaps, a sizable 
sum in itself, but it is not a large item in the total operating cost of the system, 


This completes the description of the installation. 
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Time Floor Location Temperatures 
D.B. W.B. R.H. | &¥ 
11:00 A.M. | 15th North End 75 63 48 69.3 
North Center 75 62 47 68.4 
11:10 A.M. | 14th North End 75 63 51 68.7 
North Center 72.5 64 63 67.3 
South Center 75 64 54 69. 
South End 72 65 69 67.5 
11:25 A.M. | 13th North End 75 62 47 68.4 
North Center 75 62 47 68.4 
South Center 75 62 47 68.4 
South End 75 62 47 68.4 
11:30 A.M. | 12th North End 76 63 48 68.3 
North Center 76 63 48 69.3 
South Center 75 62 47 68.4 
South End 75 62 47 68.4 
12:15 P.M. | 11th North End 76 63 48 69.3 
North Center 76 61 41 68.65 
South Center 75 62 47 68.4 
South End 74 61 47 67.45 
12:30 P.M. | 10th North End 76 63 48 69.3 
North Center 76 63 48 69.3 
South Center 74 62 50 67.8 
South End 74 60 43 67.1 
12:45 P.M. | 9th North End 75 61 44 68. 
North Center . = 62 47 68.4 
South Center 73 60 46 66.55 
South End 74 60 43 67.1 
11:00 P.M. | 8th North End 75 63 51 68.7 
North Center 75 63 51 68.7 
South Center 76 63 48 69.3 
South End 73 61 50 66.9 
1:10 P.M. | 7th North End 75 63 51 68.7 
North Center 76 63 48 69.3 
South Center 76 62 44 69. 
South End 76 60 43 67.1 
1:20 P.M. | 6th Directors’ Rm. 70 60 55 64.7 
South End 76 60 38 68.3 
1:30 P.M. | 5th North Center 74 63 54 68.3 
South Center 73 62 53 67.5 
South End 70 60 55 64.7 
4th South End 71 61 56 65.6 
3rd South End 72 62 57 66.5 
2nd North End 72 62 57 66.5 
North Center 72.5 62 55 66.9 
South Center 71 61 56 65.6 
South End 73 62 53 67.15) 
2:00 P.M. | Foyer North End 74 63 54 68.3 
Ist North Center 74 61 47 67.45 
South Center 74 62 47 67.45) 
a i South End 74 62 50 67.8 
Ist Bsmt. Vault Lobby 75 63 51 68.7 
Deposit Vit. 73 63 57 67.4 
Security VIt. 73 59.5 44 66.5 
aA South End 75 63 51 68.7 
2nd Bsmt. Record Vit. 73 61 50 66.9 
Work Space 75 64 54 69. 
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L. A. Harpine: I do not think we ought to let this paper go by without dis- 
cussion. I believe it is a pioneer paper in the field of air conditioning of office 
buildings. I think Mr. Walton used for the first time in a practical way the 
term effective temperature applied to any discussion that has come up on the 
floor since we have been given a definition of the term. I would like to ask 
Mr. Walton whether the $130,000 included the additional space required for 
the apparatus. 


Another item on the fixed charges—I think engineers in general use about 
13 to 15 per cent in figuring operating costs. Mr. Walton. has, however, indi- 
cated the various items that go to make up this charge. 


On page 381 I note the number of occupants in the building total up to ap- 
proximately 2,870, and the total tonnage of the refrigeration machinery is about 
600, which is approximately twice the tonnage required for an equivalent occu- 
pancy of a theatre. A 3,000-seat theatre takes about a 250 to 300-ton machine, 
and I suppose this larger size machine was due to the fact that the building 
has a large exposure compared with its contents as compared with a theatre. 
I do not know how the number of air changes compares with a theatre. I 
presume they are less, although the volume of air recirculated seems to be about 
the same. 


James Govan: I would like to point out one feature in connection with this 
paper that I think engineers cannot afford to ignore. As an architect, I can 
tell you that today in the modern office building one of the most difficult features 
that architects have to contend with, and the engineers are going to be con- 
fronted with, is that of acoustics. In this paper you have had presented to you 
the treatment of all the lower floors, which is probably a simple problem, but in 
your other stories in your office buildings you are going to run up against this 
thing as engineers: that in the modern skyscraper you have the noisiest condi- 
tions that it is possible to have in any kind of building, and today the problem 
that is being presented to architects and acoustical engineers is how to reduce 
the annoyance caused by the noises in our cities coming into the buildings, and 
also penetrating from one part of the building to another. 


One of the difficulties you run into as you adopt air conditioning apparatus 
for high skyscraper buildings is that the minute you connect all of those rooms 
together with any common system, you are going to run the risk of carrying 
noises from one room te the other. Just a few months ago this question came 
up in connection with a building for which I am acting as consulting architect. 
A New York engineer was also acting as consultant with regard to air condi- 
tioning, and when that point was brought to his attention he confessed that the 
matter had never been given any thought at all. It was the first time this was 
brought to his attention. 


I state that as indicating some of the problems you are going to be up against 
the minute you apply air conditioning to buildings that have a great number of 
separate rooms where you are going to connect them together with a system 
that will carry sound as well as provide air conditioning. The whole problem 
that architects are up against is to prevent sound from being carried. It is 
going to require cooperation between acoustical engineers, air conditioning en- 
gineers and architects, to see that in improving one condition you do not make 
the condition that we all suffer from now in the modern skyscraper, worse. 
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S. R. Lewis: This is an interesting and pioneering paper. I wish to mention 
two points on which I have had experience which are at variance with the 
paper. First, I have found it important with cooling systems to have individ- 
ual control of the various small rooms which have a varying exposure or oc- 
cupancy or heat-gain. Second, I have not found it good practice to install 
several fans drawing through a washer or filter or tempering heater common 
to all. No matter what type of fan we have there is difficulty in control and the 
fans which happen not to be operated must have dampers, which usually are 
difficult to make tight and which are hard to operate. 

Dr. E. Vernon Hutu: I have not any desire to discuss this paper from the 
standpoint of design. I leave that to members who are better qualified than 
I am, but there are two points that are of considerable interest, one particularly, 
which I want to call your attention to. This is a development in our science 
which is highly desirable and which should prove of great interest to all of us, 
the completely air conditioned modern building, but there are two great dangers. 

Last week I was in this building in Detroit. I went to see how it was operat- 
ing. It was not warm enough, however, in Detroit at that time, or it was not 
cold enough, for me to form any very good opinion as to how it was operating. 
Earlier in the year I gave a talk to the Bar County Medical Society in San An- 
tonio, on ventilation, and I was there three days and spent considerable time in 
the Milan Building, the only other completely air conditioned building that is in 
operation that I know of. Well, it was hot when I was down there. The 
weather was very warm. The condition in the building was ideal. I had no 
criticism to make, and the owner and the tenants were perfectly satisfied. 
However, in a warm climate like San Antonio one would naturally suppose 
that a building that was cooled during the warm season would be very desirable 
space. On the contrary, the owners of the building have had considerable dif- 
ficulty in renting space, not because the space is not ideal and the air conditions 
ideal, but because the people in that vicinity are very skeptical about working in 
space where the air is conditioned. 


There is another new building of very pleasing architecture just completed in 
San Antonio, and they advertise natural light and natural ventilation very ef- 
fectively. Now, the point I want to make is this: That it is up to this Society 
largely to aid in the dissemination of some real facts regarding air condi- 
tioning, and I think everyone here should take the position, that the engineer 
today can bring about and maintain better air indoors than nature provides out- 
doors. Do not take the position that we are crude imitators of nature; that is 
not the case. By any scientific test that we are able to use we can prove that 
the air indoors in these air conditioned buildings is far superior to the air out- 
of-doors. Do not say that we are trying to imitate nature; we are not; we 
are going far ahead of nature. Until you gentlemen take that position and 
preach it, how can you expect the public to believe it? I think that is a sound, 
logical position to take. 


Understand, I do not say it is more healthful to live indoors than it is to 
live out-of-doors. That is not the case. But so far as the air is concerned we 
make better air indoors in this present day and age than you ordinarily get 
in the city out-of-doors. The outdoor life is desirable and healthful on ac- 
count of the sun effects, exercise, etc. But put over the lesson that the air in- 
doors is easily made and maintained better than the air out-of-doors, and then 
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you will aid in disabusing the public mind of this thought that the naturally 
ventilated room is far superior to the mechanically ventilated room. 

PRESIDENT Lewis: That is something I think we will have to get the assis- 
tance of the medical man on. As I see it, this body of scientific men can fur- 
nish any air condition, any degree of elimination of dirt, and any condition of 
humidity needed for healthful conditions in almost any type of building today. 
It seems to me the crying need is to have the medical man tell us what, of those 
various conditions which we can produce, is most healthful for human beings. 

S. S. Sanrorp: A question has been raised regarding drafts from windows 
unger which there is no direct radiation. The chilling effect of the window 
pane and infiltration of cold air around the window causes a positive downward 
movement of air in front of windows. This, of course, is lessened by the use 
of double windows. In most cases the downward movement of air in front 
of windows produces drafts which are so objectionable that it must be counter- 
acted by a positive upward movement. This upward movement may be pro- 
duced by heat from a radiator or by introducing air at the bottom of the window 
with a velocity upward. If it is to be counteracted by introducing air, the 
temperature of this air must be such that the quantity of heat introduced in 
this way is sufficient to bring the chilled air from the window up to room tem- 
perature, otherwise this chilled air will merely be deflected upward and outward 
into the room to fall again on the heads of those sitting out in the room in 
front of the windows. 

During the past two heating seasons there has been opportunity to observe 
conditions in office space having no direct radiation under the windows. In the 
addition to the Service Building of The Detroit Edison Co., from the 4th to 
the 10th floors the rooms are heated by introducing air through ceiling dif- 
fusers. To counteract window drafts, air is also introduced through window- 
sill slots with a velocity upward. The temperature of this air is varied from 70 
to 90 F, depending on outside conditions. The volume introduced at the windows 
is much less than through the ceiling diffusers. No double windows are installed. 
All have wooden sash except for two steel sash windows in one corner. In 
spite of the precautions which were taken, there have been complaints about 
window drafts. Apparently the volume and temperature of the air introduced 
at the windows is not sufficient. Most of the complaints come from two cor- 
ners of the building, particularly the corner in which the two steel windows are 
located. This is attributed to the excessive infiltration around these windows 
combined with the extra heat loss through the steel frames. If it is not possible 
to increase the temperature of the air from the window slots sufficiently, it may 
be necessary to install double windows in the two corners or put a small amount 
of direct radiation under these windows. Possibly an ideal arrangement for 
an office building would be to introduce air for heating through ceiling diffusers 
and supplement this with a small amount of direct radiation under each window 
to eliminate window drafts. 

Mr. Watton: I will not attempt to reply to all the questions or comments 
that have been made, as an expert, but I want to say for my associates and my- 
self that the interest that has been shown is certainly very gratifying, and it 
would be a pleasure to show any of you the installation should you come to 
Detroit for that purpose. 


With reference to the estimated additional cost for the air conditioning in- 
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stallation, about which Mr. Harding asked, the $130,000 quoted does not include 
the space occupied by the refrigerating equipment in the third basement. It is 
true that that space might otherwise be utilized, but it was believed that its 
value in such a way as it could be utilized was so small that it was well within 
the errors of the estimated additional cost of the air conditioning system. Un- 
derstand, that the additional cost of the air conditioning system is only that 
necessary to cover the refrigerating part of the installation, and such parts of 
the dehumidifying units as are required in that connection; and that a ventilating 
system was to be installed in any event. 


With reference to the amount of the fixed charges of 11 per cent—that figure 
in general seems low, particularly when we consider industrial plant installations 
of almost any description or power plant work. That is due, I believe, to the 
item of depreciation, and that a life in many instances of only some 10 years is 
given, that not being the physical life of the installation by any means, but being 
a life determined more from the standpoint of obsolescence. A much greater 
length of life has been allowed here. I don’t recall exactly what it is, some 30 
years, and instead of using straight line depreciation, the fixed charges have 
included an item of amortization to take care of depreciation. That would 
account for the greater part of the difference in the figures as usually taken for 
fixed charges. 


With reference to the tonnage required, it has been much greater than usually 
required for a theatre in which the population is about the same. I believe 
that additional tonnage is due entirely to the exposures on the building rather 
than to the population. 


With reference to the discussion by Mr. Chester, particularly on infiltration 
and plenum effect, I understood that Mr. Chester questioned whether the plenum 
effect would minimize the effect of wind pressure on the building, and thought 
that the greater benefit in operating conditions to take care of that condition 
would come from the separate fans for the various exposures. Whether or not 
we can carry out the plenum effect on this building to take care of that variation 
of condition remains to be seen, but just as an abstract principle we might 
consider several pounds pressure on this duct system. Or, if we consider a 
compressed air line running through several rooms, and we adjust the openings 
in that compressed air line to admit a certain quantity of air into each room, 
I do not believe that we can conceive of any wind pressure on the side of the 
building that would affect the amount of compressed air being admitted to a 
room in a measurable amount. Somewhere between this extreme and that of 
no pressure will lie the advantage that we can take of the plenum effect on 
this duct system. 


I was quite impressed with Mr. Harbula’s discussion, particularly with respect 
to the collaboration by the architects in the design of the building, to provide 
for such an installation. We are fortunate in that respect in being both archi- 
tects and engineers, and, of course, we did have the full cooperation of not only 
the architects but our own structural engineers as well. 


I also gathered from the discussion by Mr. Harbula that our operating costs 
as estimated were high, and that is probably so because we wanted to be on 
the safe side in representing such costs to the owner, although we tried to have 
them reasonably close. 
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In the matter of acoustics and sound transmission, the condition is not at all 
different from any ventilating system in so far as it pertains to the transmis- 
sion of sound from one room to another through the same duct. As this build- 
ing is used as an office building, there has not, so far at least, been observed any 
objectionable sound transmission from one office to another. Some acoustical 
treatment has been provided in the grilles that permit the air to pass out of an 
outside office, a private office, and reach the main corridor, and thence through 
that corridor to the recirculating shaft. These grilles are double, there being 
one on each side of the partition, offset from each other and baffled with acousti- 
cal felt. That has been done entirely to give privacy to the office. It seems 
to have been reasonably effective, and conversations carried on within the office 
cannot be overheard outside. 


With reference to Mr. Lewis’s comments on the temperature regulation, he 
expressed a condition that we have considered the most critical in the design 
of the installation. I can only say that so far the variation in temperatures has 
not exceeded what can well be tolerated. Apparently it is not as small as some 
manufacturers of temperature regulating equipment would consider a satisfac- 
tory performance for such equipment, but so far it has been entirely satisfactory 
to the occupants of the building. It is probably much less than results when 
the offices are heated with direct radiation and the control of the temperature 
is left to the occupant of the office. 


With reference to the three fans drawing their air through the same dehu- 
midifying unit and interference, the fans are of the so-called backward curve 
blade type. Some manufacturers here can probably better talk on that than I 
can. We do not have any trouble with the fans interfering or bucking each 
other, as it is sometimes called. 


With reference to Dr. Hill’s discussion on the air conditioning of space for 
office buildings built for rental purposes, I can only say that none of the space 
that it is expected to rent in this building has any air conditioning equipment; 
that this is limited entirely to the space that is occupied by the building owners, 
and they have had a very definite idea of just what is going to be the limitations 
of such a system. We have their full cooperation and backing in making it a 
success in their building and the whims and idiosyncrasies of various people, 
as to what they might like to have in the way of temperature and other condi- 
tions, are not recognized. If we can state what the conditions ought to be in a 
room and maintain them reasonably close to that, any member of the Union 
Trust Co.’s organization puts up with it, from the president down to the office 
boy. 

With respect to the omission of radiation, and its being a good thing for a 
man to have to shiver once in a while, that is entirely out of my field. I can’t 
comment on that more than to say that if it is desired to make somebody shiver 
in this building, we could ordinarily do it. 


Regarding Mr. Sanford’s information on the experience with their building, 
the installation was designed in our offices in cooperation with the engineers of 
the Detroit Edison Co., and it was carried out quite extensively for a portion 
of their building in a somewhat experimental way. 


There are drafts from windows, of course, and I don’t think in general that 
any room can be so equipped with a heating system and ventilating system that 
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somebody can be placed close to a window and be entirely comfortable there at 
all times. The amount of draft is going to depend to a considerable extent on 
the tightness of the windows. I might say that on this building considerable 
attention was paid to that, and the manufacturers of the sash seem to have 
gotten an unusually tight window. No tests have been made on it, but the sash 
manufacturers guaranteed that the infiltration would not exceed % cu ft 
of air per foot of sash perimeter per minute with a 25-mph wind. I believe 
that it is much tighter than that. 

You will probably be interested in one other observation that we have had 
since the system was in operation, and that is that in one or two of the private 
offices in which the conditions as measured by our ordinary standards seemed 
to be just right, the occupants were not satisfied. They felt that it was drafty, 
as they expressed it. The air movement was not great. We did not measure 
it, but it was small—I would judge less than 100 fpm—but they were apparently 
not accustomed to such an air movement and the office was not comfortable to 
them. I think that is a condition that we are apt to meet in any building which 
is equipped with such an installation. 
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CAPACITY OF RADIATOR SUPPLY BRANCHES 
FOR ONE- AND TWO-PIPE SYSTEMS 


Co-operative Work by A. S. H. V. E. Laboratory and the 
U. S. Bureau of Mines Experiment Station, Pittsburgh, Pa. 


By F. C. Houcuten’, M. E. O’ConneELL’? anp Cart GuTBERLET’, PitrspurGH, Pa. 
MEMBERS 


STUDY of the capacity of pipe for various parts of a steam heating 
A system has been under way at the Research Laboratory since 1922. A 

number of reports bearing on various phases of the subject have been 
published from time to time including a complete and final report* on the subject 
of capacity of up-feed steam heating risers for one- and two-pipe steam heating 
systems. 

This paper deals with the capacity of radiator supply branches for one- and 
two-pipe systems and gives final results on this phase of the study, which was 
made by the Research Laboratory, A. S. H. V. E., in cooperation with the 
Heating and Ventilating Department, Carnegie Institute of Technology. 

There are a number of variable factors entering into the capacity of radiator 
supply branches all of which must be taken into account in making an analysis 
of the subject. A typical radiator supply branch from a supply riser is shown 
in Fig. 1. Its capacity is affected by the pipe fittings, C to D and E to G, by 
the capacity of the vertical section of the branch FG, by the valve G, and by 
the pitch of the main section of the branch DE. The steam carrying capacity 
of the branch further depends upon whether the condensation from the radiator 
returns through this branch (one-pipe system) or through a separate return 
(two-pipe system). In order to have a clear understanding of the operation 
of such a branch it was necessary to make an independent study of each of 
these factors. 


Fig. 1 is the laboratory set-up on which the study of supply branches to 
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radiator was made. Steam was taken from the 8-in. main, through the 6-in. 
branch to the 4-in. supply riser 4B. The radiator supply branch CH on which 
the study was made supplied steam to a cast iron radiator or water cooled con- 
denser J, located on a movable platform so that the length and pitch of DE 
could be changed. 

When the branch was operated as a one-pipe system, J was closed off and 
the condensate returned through the radiator supply branch and riser and col- 
lected and weighed at L. When operating as a two-pipe system J was opened 
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Fic. 1. Laporatory Set-up ror StupyING RADIATOR BRANCHES 


and the condensate from the radiator was returned through the return riser and 
weighed at K. 

In order to observe any effect which steam passing on up the riser beyond 
C had on the operation of the branch and radiator under study, a second radi- 
ator or condenser, M, was supplied steam during a part of the study. It was 
soon found that steam passing on up the riser beyond C did not affect the oper- 
ation of the branch CH unless the riser AC was loaded beyond the maximum 
capacity recommended for use in an earlier laboratory study®. After this fact 
was established the riser was cut beyond C and capped. 

The condensation in the system other than the branch and radiator studied 
was determined for all operating conditions. When the branch was operating 


© Capacity of Up-Feed Steam Heating Risers for One- and Two-Pipe Systems, by F. C. 
Houghten, and M. E. O’Connell, Transactions American Society or HEATING AND VENTILATING 
Encinegrs, 1927, Vol. 33. 
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as a one-pipe system the total condensation collected at L was reduced by this 
amount in order to determine the steam and condensation carried by the branch. 

Steam pressures were observed in the main, riser, and radiator and a water 
column was provided to give the level of any water which might be held up in 
radiator. 

















RESULTS 


In attacking the problem the relation between steam pressure in the main 
or the riser and the capacity of the branch as a whole, for any given set of 


PER HR. 
SQ.FT. RADIATION 


CAPACITY 





PRESSURE IN MAIN PRESSURE IN MAIN, INCHES OF WATER 
Fic. 2. 1%4-In. ONeE-Pire BRANCH. Fic. 3. 1%4-In. One-Piece Brancu. 
31\4-In. PitcuH 1n 10 Fr. 1-In. Pitcn 1n 10 Fr 
Curve A, no valve, 1%-in. fittings, 1%- Curve A, no valve, 1%-in. fittings, 1%4- 
in. pipe. Curve B, no valve, fittings and in. pipe. Curve B, no valve, fittings and | 
pipe, 1%-in., nominal size. Curve C, valve, pipe, 1%4-in., nominal size. Curve C, valve, | 
ttings and pipe. 1%-in., nominal size. fittings and pipe. 1%-in., nominal size. | 


conditions, considering the variables mentioned, was determined and the results 
plotted in the form of a curve such as A, B, or C, Figs. 2 or 3. These curves 
are similar to curves showing this relationship in other laboratory publications®. 
In further analysis of the results the maximum capacity, or the highest point x, 
reached on any particular curve for a given branch was taken as the capacity 
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of that branch. Data for such a curve were collected and the curve plotted in 
order to obtain this maximum point for each of the many variable conditions 
on which information was desired. 

Point x on Curve C, Fig. 2, is the maximum capacity of a 1%-in. branch 
similar to Fig. 1 in which all fittings, pipe, and angle valve were of 1%-in. 
nominal size and with a pitch in section DE of 3.5 in 10 ft. Point x on curve 
C, Fig. 3, gives the maximum capacity of the same branch with a pitch of 1-in. 
in 10 ft. Curve C, Fig. 4, shows the variation in maximum capacity of this 
branch with pitch. 

The valve used in the branch giving the results shown by Curve C Figs. 2, 


CAPACITY LBS. PER HR. 
SQ.FT RADIATION 





O02 04 06 OB 0 i2 14 16 18 20 22 24 26 28 30 32 34 36 3B 40 42 
PITCH OF PIPE INS. IN 10 FT. 


Fic. 4. One-Pire Brancu. Soi Line 10 Fr Broxen Line 5 Fr 
Curve A, no valve, 1%4-in. fittings, 14-in. pipe. Curve B, no a, fittings, . pipe 1%-in., 


nominal size. Curve C, valve, fittings and pipe 1%-in., nominal size. urves A, B, and C, max- 
imum capacities with noise. Curves D and E, maximum capacities without noise. Curves F 
and G 80 per cent of maximum capacity with no noise. 


3, and 4 was a standard 1%-in. angle valve. It was found that this valve and 
in fact, most valves studied, had a seat opening just 14%4-in. in diameter instead 
of 1.38 in. in diameter which is the actual internal diameter of nominal 1%-in. 
pipe. Another series of data was collected giving curves B, Figs. 2, 3, and 4 
in which the radiator connection was the same as that giving curves C, except- 
ing that the 1%4-in. valve was replaced by a 1%-in. ell. It was later shown 
that the same increase in capacity could be had by drilling out the seat of the 
valve to a diameter equal to that of the same nominal size pipe or by replacing 
the valve by one of the next larger size. 

The data given in Curves A, Figs. 2, 3, and 4 were obtained on a similar 
branch with 1%4-in. fittings replacing the 1%-in. fittings at CD and EG, Fig. 1. 
It was further shown that replacing the fittings at either CD or EG alone with 
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CAPACITY LBS. PER HR. 





0 O02 O4 06 O8 10 12 14 16 1B 20 24 26 28 30 32 34 36 38 40 42 


PITCH OF PIPE INS. IN 10 FT. 
Fic. 5. Two-Pire Brancn. Soumw Line 10 Fr Broken Line 5 Fr 
Curve A, no valve, 114-in. fittings, 1%-in. pipe. Curve B, no valve, fittings and pipe 1%-in., 
nominal size. Curve C, valve, fittings, and pipe 1%-in., nominal size. Curves A, B, an q 
maximum capacities with noise. Curves D and E, maximum capacities without noise. Curves F 
and G 80 per cent of maximum capacities with no noise. 





CAPACITY LBS.PER HR. 
SQ FT. RADIATION 





PITCH OF PIPE INS.IN 10 FT. 
Fic. 6. ONeE-Pire Brancn. Soimw Line 10 Fr Broken Line 5 Fr 


Curve B, no valve, fittings and pi l-in., nominal sian, maximum capacities with noise. 


Curves D and E, maximum capacities without noise. Curves and G, 80 per cent of maximum 


capacities with no noise, 
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CAPACITY LBS. PER 
SQ.FT. RADIATION 





a2 to t2 l4 16 18 20 22 24 26 28 30 32 34 36 38 40 42 
PITCH OF PIPE INS.IN 10 FT. 


Fic. 7. Two-Piece Brancu. Sori Line 10 Fr Broxen Line 5 Fr 


Curve B, no valve, fittings and pipe 1-in., nominal size, maximum capacities with noise. 
Curves D and E, maximum capacities without noise. Curves F and G, 80 per cent of maximum 
capacities with no noise. 


CAPACITY LBS PER HR. 
SQ.FT RADIATION 





20 22 24 26 28 30 32 34 36 38 40 42 
PITCH OF PIPE INS. IN 10 FT. 


Fic. 8. One-Piece Brancu. Sori Line 10 Fr Broken Line 5 Fr 


Curve B, no valve, fittings and pipe 1%4-in.. nominal size, maximum capacities with noise. 
Curves D and E, maximum capacities without noise. Curves F and G, 80 per cent of maximum 
capacities with no noise. 
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TasBLe 1. Capacity oF Rapiator SupPpLy BRANCHES. 


OneE-Pire SystEM 














Capacity in Sq Ft of Equivalent Radiation 
Based on Curves Based on Guipe 1929 
Pipe Size F and G and pitch Tables 8 and 11, Pitch 
of 0.6 in. in 10 ft at least % in. in 10 ft 
5-ft 10-ft Shorter than Longer than 
Branch Branch 8-ft Branch 8-ft Branch 
A B ¢ D E 
ER ae ae ree 31 28 ie Ree nee 
BTR ciccdeccubantcevsons 68 62 55 20 
ME OR cckcvicwasesweeubaas : 102 93 81 55 
E WO iinessstiesenxendons 189 169 165 81 

















the larger size gave the same curves as B. Hence it is clear that the capacity 
shown by C, B, and A in Figs. 2, 3, and 4 are, respectively, the limiting capac- 
ities of the horizontal branch alone, the fittings and the valve, of the same nom- 
inal size. 

Comparison of curves C and B, Fig. 4 shows that the maximum capacity of 
the valve was equal to that of the branch with a pitch of 1.58 in. in 10 ft. For 
greater pitches of the main section of the branch the valve restricted the flow, 
whereas for smaller pitches the section DE of the branch limited the flow. 


The data just referred to are all for a 10 ft branch with one-pipe connection 
(that is for a branch where the condensation from the radiator returns through 
the supply branch) and they were collected on a set-up where a water-cooled 
condenser was used to condense the steam, rather than a radiator. With this 
set-up small noises due to overloaded branches could not be detected easily 
because of the noise of the water flowing through the condenser and also due 
to the fact that the small steam condensing space of the condenser did not seem 
to give the same reverberation to the sound as was experienced with a standard 
cast iron radiator. The curves D and E, Fig. 4, give the maximum capacities 
obtainable with steam condensed in a cast iron column radiator instead of the 
water-cooled condenser and with the system operating without audible sound. 
Curves A, B, C, D, and E, Fig. 5, give data for a two-pipe radiator connection 
(that is with the condensation returning from the radiator through a separate 
return branch and riser, similar to that shown in Fig. 4 for the one-pipe 
branch. For this condition it will be noted that there is no difference between 
maximum capacity obtainable with a valve of the same nominal diameter as the 


TaBLe 2. Capacity oF Rapiator Supply BRANCHES. Two-Pire SysTEM 














Capacity in Sq Ft of Equivalent Radiation 
Based on curves Based on GuipeE 1929, 
Pipe Size F and G and pitch of Tables 9, 10, 12, 13, 14. 
0.6 in. in 10 ft Pitch at least % in. in 10 ft 
5-ft 10-ft Shorter than Longer than 
Branch Branch 8 ft 8 ft. 
A B C D E 
Ri WA cath oes Alas 36 34 Ba. Brees 
UTE Synganpahmebinnys: 79 75 58 26 
Oe Serer 117 108 95 58 
Dy Mes kee adeekn's.swetdensat 209 191 195 95 
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pipe (Curves B and C). This is accounted for by the fact that in the two- 
pipe connection of the type shown in Fig. 1, no condensation returns through 
the valve. All the steam that condenses beyond the valve returns through the 
radiator while that condensing below the valve returns through the supply 
branch and riser. In this system a valve with a small seat will not result in 
noise unless it is purely a hissing sound due to the velocity of steam through 
the valve. A small valve, however, will require a higher steam pressure for the 
same capacity. 

The effect of length of a branch on its capacity was investigated by studying 
branches 5 ft and 10 ft in length. The solid line curves Figs. 2, 3, 4 and 5 


SQ. FT. RADIATION 


CAPACITY LBS. PER HR. 





© 02 04 06 08 10 (2 14 16 1B 20 22 24 26 28 30 32 34 36 38 40 


PITCH OF PIPE INS. IN 1O FT 
Fic. 9. Two-Pirz Branco. Sotmw Line 10 Fr Broxen Line 5 Fr 


Curve B, no valve, fittings and pipe 1%4-in. size, maximum capacities with noise. Curves 
D and E maximum capacities without noise. Curves F and G, 80 per cent of maximum capa- 
cities with no noise. 


give the capacities of the 10 ft branches, while the capacities of the 5 ft branches 
are given by the broken line curves. 

It will be noted that for small pitches the effect of the length of the branch 
is much more pronounced when the condenser was used or when the sound was 
not the limiting factor. This may be explained by the fact that part of the head 
producing flow in the horizontal pipe may be due to piling up of water at the 
end from which it is flowing so that the actual diameter of the pipe may be 
considered to some extent as producing flow of condensate counter to the 
steam. A perfectly level pipe or in fact one with a small reverse pitch will 
allow condensate to return, but at a reduced rate. The effect which the diam- 
eter of the pipe has on producing flow is a function of the length of the pipe. 
Hence it will be seen that the possible head varies inversely with the length of 
the pipe and directly with its diameter. This,.no doubt, accounts for the fact 
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that the difference in capacity of the 5 and. 10 ft length of pipe is more pro- 
nounced in the larger branches. It also accounts for the fact that the effect of 
the length of the branch on its capacity decreases rapidly as the actual pitch of 
the pipe increases. 

When the steam was condensed in the radiators without noise (Curves D 
and £) the difference in maximum capacity of the 5 and 10 ft lengths, without 
noise, was little affected by the pitch of the branch. 

Similar data to that given in Figs. 4 and 5 for the 14%-in. one- and two-pipe 
branches are given in Figs. 6 and 7, 8 and 9, and 10 and 11, for 1-in., 1%4-in. 





CAPACITY LBS.PER.HA. 


SQ. FT RADIATION 





° 
© Q2 04 06 O8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 
PITGH OF PIPE INS.IN IOFT. 


Fic. 12. ONe- AND Two-Pire BrancH 


Solid line 5 ft. Two-pipe, no valve, fitting and pipe _%4-in. nominal size. Broken line 5 ft 
omega, no valve, fitting and pipe }4-in. nominal size. Both curves are for maximum capacity 
with noise. 


and 2-in., one- and two-pipe branches respectively. Fig. 12 gives the maximum 
capacity with noise for a 34-in. branch in a one- and a two-pipe system. Data 
for maximum capacity with noise are given only for the %-in. branch. The 
curves, Figs. 6 to 11 give data only for the capacity of the branch with fittings 
of the same nominal size and no valve for the reasons that larger fittings in a 
branch are not practicable and capacity of valves vary with design and a single 
figure could not be given which would be representative of all makes. 

Figs. 13 and 14 show how the maximum capacity of branches without noise 
varies with pitch, area, and length of pipe in the one- and the two-pipe systems, 
respectively. Figs. 15 and 16 show how the maximum allowable velocity with- 
out noise varies with pitch of branch and pipe area for 5 ft and 10 ft one- and 
two-pipe branches. 
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PRACTICAL APPLICATION 











The purpose of the study was to make available information concerning the 
flow of steam and condensate in one- and two-pipe radiation branches on which 
a practical and logical set of pipe sizing tables could be based. This information 
is given in the curves, A to E, Figs. 4 to 11 and in Figs. 13 to 16. In making 


CAPACITY LBS PER.HR. 


° 


° a4 L2 16 20 24 32 
INTERNAL AREA OF PIPE SQLINCHES 


Fic. 13. Vartation oF Capacity WitH Pipe Area, LENGTH 
AND PitcH or ONeE-Pipe BrancH. No Norse. Sorimw LIne 
Curves 10 Fr Broken Line Curves 5 Fr 


use of these values, however, it should be borne in mind that they are maximum 
values which could be obtained on commercial pipe under good laboratory con- 
ditions. The pipe was well reamed, was new, clean, and straight so there were 
no sags in the branches. 


These conditions will not always be had in practice and some allowance must 
be made therefore. This allowance will be in the nature of a factor of safety. 
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A factor of safety cannot be established by laboratory test alone but should 
also take into account other factors depending on installation and operating 
conditions, which factors can better be supplied from the practical experience 
of heating engineers. 


Curves F and G, Figs. 4 to 11 inclusive, give a suggested capacity of branches 






CAPACITY LBS. PER.HR. 
. 


TWO PIPE 


OA 08 l2 16 20 24 26 3.2 34 
INTERNAL AREA OF PIPE SQ.INCHES 


Fic. 14. Variation or Capacity oF A Two-Pire Brancn WITH 
Pree Area, LENGTH AND Pitcu. No Norse. Sorin Line Curves 
10 Fr Brancues. Broken Line Curves 5 Fr BRANCHES 


of the different sizes studied based upon a factor of safety of 20 per cent. The 
capacities given by curves F and G are 80 per cent of those given by curves 
D and E. 

It should be pointed out that values given in the curves are maximum capaci- 
ties or maximum capacities less a factor of safety as specified. No allowance 
is made for heating-up load and condensation in either bare or covered pipe. 
Since these factors vary with other conditions they should be considered as 
factors in calculating the maximum demand for steam. 
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VELOCITY OF STEAM FT.PER. SEC. 
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INTERNAL AREA OF PIPE SQ.FT. 

Fic. 15. VARIATION oF VELOCITY OF STEAM IN A ONE-PirpE Branco WITH PIPE 

Area, LENGTH AND PitcH. No Norse. Sorm Line Curves 10 Fr Brancues. 
Broken Line Curves 5 Fr BRANCHES 
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Curves 5 Fr BRANCHES, 
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Tables 1 and 2 give capacities of one- and two-pipe branches, ranging from 
1 in. to 2 in. in size as taken from curves D and E, Figs. 4 to 12 and from 
THe Guive 1929. 

Tue Guive tables specify that branches longer than 8 ft should be one pipe 
size larger. Also that branches should have a pitch of at least %4-in. in 10 ft. 
Capacities in columns B and C in the two tables based upon this study are for 
a pitch of 0.6 in. in 10 ft or approximately 1 in. in 16 ft. 


SUMMARY AND CONCLUSIONS 

1. The investigation gives the capacities of one- and two-pipe radiator supply 
branches without audible sound as shown in curves D and &, Figs. 4 to 11. 
These capacities are, however, only had when the pipe is well reamed and should 
be taken with a factor of safety for less perfect workmanship. 

2. A series of curves F and G, Figs. 4 to 11 give capacities after a factor 
of safety of 20 per cent has been applied. 

3. Valves found on the market frequently have port openings smaller than 
pipe of the same nominal pipe size. Such valves limit the capacity of radiator 
branches below the capacity of the pipe itself for pitches above a certain value 
which are, however, greater than the pitches usually allowed. 

4. The capacity of a branch is greatly increased by increase in pitch. 

5. There is a measurable difference between the capacity of branches 5 and 
10 ft in length which difference varies with the size of the pipe and the pitch. 
The larger the pipe the greater the difference in capacity with length. This 
difference is also more pronounced for small pitches. 


DISCUSSION 


Louis Esrn (Written): All data as presented in this paper upon the 
subject of flow of steam, as well as in the previous paper, seem to be based upon 
a definite point of critical velocity for every size of pipe, for one-pipe as well 
as two-pipe systems. (To this writer who has done a limited amount of experi- 
menting upon this subject, this is not an exactly true condition). 

In the one-pipe system, with counterflow of condensate, it is true that there 
is a definite critical velocity for every size of pipe. This point of critical velocity 
is the dividing point between smooth, even, stable flow and a permanent region 
of unstable flow. This point of critical velocity is independent of pipe length, 
of steam pressures, etc. In my opinion, it probably is a true point of critical 
velocity. 

But when there is steam flow in a pipe with the return of the condensate 
through a separate line, there is a distinct difference of occurring phenomena. 
Fig. A shows a series of curves as obtained through experiments by the writer 
on some 1-in. pipes. Curve A indicates the results of a 1-in. pipe 10 ft long, in 
vertical position. Curve B indicates a 1-in. pipe 5 ft long in vertical position. 
Curve D indicates a 1-in. pipe 10 ft long in an exact horizontal position. A 
study of these curves indicates some very interesting information not brought 
out in the Laboratory’s reports. 

Where there is some condensation in the supply riser, returning contrary to 
the steam flow, as in all vertical lines and in horizontal lines of positive pitches, 
the curves indicate a flattening out at one stage (Curves A, B and C). But 
whereas in the one-pipe system, this point indicated a definite dividing line 
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between the stable and unstable condition, in the two-pipe system, I would term 
this point merely a point of temporary instability. Below this condition there 
is smooth continuous flow, and above it there is smooth continuous flow. 

Now this point of temporary instability or critical velocity, if you wish, varies 
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very definitely with the length of the pipe, and from my curves it seems alto- 
gether likely that for very short pieces of pipe it disappears entirely, and we 
have only one continuous smooth curve. Also it is altogether likely that for 
very long pieces of pipe, say 30 ft or longer, the flat portion drops considerably 
in value. In view of this, can the Research Laboratory say, that their tables 
of capacities, based on 10 ft lengths of pipes with a certain factor of safety, will 
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still provide a satisfactory factor of safety for risers 30 ft or larger? I believe - 
this is an interesting point. 


This flattening out portion of the curve is due to an entrance effect caused 
by the down-coming condensate and the up-going steam. The quantity of down- 
coming condensate is a function of the length of pipe. Now suppose the pipe 
is covered, thereby decreasing the amount of condensate in the steam supply 
riser. Is it not likely that the flattening portion of the curve will be raised, 
and as the amount of heat lost through the covering becomes less and less, the 
flat portion of the curve will tend to be entirely eliminated and the curve be- 
come continuous and smooth? Might it be possible to increase the capacity of 
two-pipe risers merely by covering them efficiently? I believe this should be 
an interesting point to the heating engineer. 


When the pipe is pitched in the negative direction, so that the condensate in 
the steam supply riser flows in the same direction as the steam, we find that 
the flattening out portion of the curve has entirely disappeared, and the curve 
is continuous and smooth. Furthermore for the same length pipe the results 
obtained are the same whether the pitch is 0 deg, 2 deg or 10 deg negatively, 
also the only difference between this curve and the curve for the vertical pipe 
(Curve D vs Curve A) lies in the flattened out portion of the curve, for the 
vertical pipe. Above and below this portion, the curves are identical for the 
same length of pipe. 

Another point of interest is a comparison of the experimental results obtained 
for the two-pipe system and the theoretical results obtained by means of the 
Babcock formula. Invariably within the limits tested by this writer, whether 
it be %-in., l-in., 1%-in. or 1%-in. pipe, for the same pressure drop, the ex- 
perimental results obtained are considerably greater than those calculated by 
the Babcock formula. Yet the Babcock formula has for years been the standard 
method of the heating engineer for figuring his steam flow tables. 


The sum and substance of all this is that the writer for one, has more than 
a vague notion that steam capacities are possible far in excess of anything used 
or advocated at present. It is possible to obtain consistent and smooth flow of 
steam in a pipe, using much smaller piping than we are now accustomed to. 
Witness the large 4-story building known to the writer, in which a vacuum 
system was converted from an upfeed to a downfeed system. The risers, 2%- 
in. at the bottom and 1 in. at the top, were not changed. A 1-in. horizontal arm 
was run from the main to the risers. Yet this system with the risers apparently 
installed upside down is functioning perfectly with no noise or interferences 
furnishing ample steam throughout. There is food for thought and investi- 
gation in this. 

W. H. Carrier: Some time ago, I think it was last year, about this time, the 
Guide Committee, Perry West the Chairman, and Mr. Haynes and myself, 
discussed the question of the conflicting data on return mains, especially with 
vacuum systems. I think we had various accepted data that gave ratings 
anywhere from two or three to one. Is that right, Mr. Haynes? Greater than 
that, he says. There was no unanimity of opinion at all. I think a part of 
that was due to the fact that without automatic regulation, which is becoming 
more and more universal, you could use very small sizes, continuous operation. 
There is no question but under such conditions you could use very small sizes, 
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but in practical operation you are turning these radiators on and off by hand 
or automatic control where sudden changes of demand are required, and where 
great difficulty may be found in the tendency for a vacuum to be formed, espe- 
cially in unit heaters or in ordinary radiators, due to the fact that the vacuum 
formed would be greater than anything produced in the vacuum system and 
tend to pull the condensate back into the lines, unless the lines were sufficiently 
large and so arranged that air in the return system and in the receiver would 
return back counterflow to the flow of condensate to equalize the pressure. 

This last test that Mr. Houghten showed was to be a test for this purpose. 
Now you get an entirely different condition in continuous operation than you 
do from intermittent operation—sudden stoppage of the steam and suddenly 
turning the steam on again. It is a very critical condition and causes water 
hammer annoyance, water logging of your surfaces, etc., if the pipes are not 
sufficiently large. Of course, one remedy would be to have a vacuum breaker 
to prevent excessive vacuum. The other remedy, the more logical one if it 
could be worked out as the intent of these tests as far as our committee was 
concerned who recommended them, was to see what size of pipe would be re- 
quired under different conditions for preventing this condition of excessive 
vacuum, preventing the condensate being drawn back through the vacuum 
valves or traps, or whatever was used in the vacuum system, into the radiator. 

I want to emphasize while Mr. Houghten is here the importance of this 
particular thing. The continuous flow proposition is a very simple thing, but 
the intermittent flow is an entirely different proposition and has to be treated 
in an entirely different manner, both as to size of pipe and method of experi- 
mental operation. I think if this thing can be solved it will be a great service 
to the heating industry. At present I do not think it is solved. In fact, I know 
it is not from the results that occur; the fact that water does collect. I do not 
know that it can be solved easily. We may find as a result of our experiments 
in the Laboratory that we have to take some further step as a practical solution 
than simply giving a sufficiently large pipe size, but if we can do it with a suffi- 
ciently large pipe size that is probably the simplest solution. 

There is one other point in the radiators tested. I presume these were under 
continuous operating conditions. In heating up a radiator you have an in- 
creased demand, especially with a vacuum system, a heating-up factor requiring 
condensate considerably in excess of the normal condensate, and this should be 
included in the factor of safety in some logical manner, depending upon the 
type of radiation used, and upon its heating-up capacity. 

H. R. Linn: In Fig. 1, I am wondering if the condensing power of radiator 
M does not have a good deal of influence on that branch connection. And turn- 
ing to Table 2, I wonder if we cannot answer the disparagement between the 
values of B, C and D, due to the temperature of the air in which that radiator 
stands. 

Professor Willard ran some tests on both of these conditions about five or six 
years ago, and I think he found entirely different results from these. 

F. E. Gresecke: I regard this a very admirable paper and believe the work, 
so far as it concerns one-pipe systems, has been completed, but so far as it con- 
cerns two-pipe systems, additional work should be done. In this connection, I 
believe it would be well to adopt a definition of a two-pipe system. In my 











416 Transactions AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


work, I consider as two-pipe systems only those in which the steam and the 
condensate flow in the same direction. According to this classification, the 
pipe D-E, as Mr. Houghten has already pointed out, is a one-pipe system and 
not a two-pipe system, because the condensate is returning against the flow of 
the steam. This probably explains why increasing the pitch of the pipe will 
increase its capacity. If there were steam without condensate flowing in the 
pipe, a slight change in pitch would not affect the capacity of the pipe. If the 
upper radiator connection were used and the pipe pitched downward toward 
the radiator, the conditions would be very different and the capacity of the 
pipe much larger. > 


I believe it would be well to expand this investigation so as to include higher 
steam pressures. It seems to me that the pressures used so far have been so 
low that for a pipe 10 ft long the capacity of the pipe is practically determined 
by the friction head in the pipe. 


R. V. Frost: Some years ago Professor O’Bannon of the University of Ken- 
tucky, carried on some experimental work on the flow of air and water in return 
lines, but the work was dropped for some reason. I do not know why, but I 
think it was very unfortunate for the Society that this was done. I think it 
would be very wise for the Research Laboratory now to start cooperative work 
with the University of Kentucky to complete that series of tests. It is about half 
completed, and I believe Professor O’Bannon has the apparatus all set up ready 
to proceed. At least it was still there when we were at the meeting at Lexing- 
ton. I wish the Laboratory could continue that work. 


Perry West: Referring to what Mr. Carrier has‘said in regard to the pur- 
pose of the test on return pipe sizes, one of the principal purposes of these tests 
is to determine the effect of the length of the run, both the horizontal and the 
vertical run, on the size of return pipes. This is a matter upon which there is 
a great difference of opinion; as to whether the length of run has anything 
like the same influence upon the capacity of return pipes that it does upon the 
capacity of supply pipes. 

C. V. Haynes: I think we ought to carry on that work. The Heating and 
Piping Contractors National Association in conjunction with the AMERICAN 
Society oF HEATING AND VENTILATING ENGINEERS are now cooperating very 
closely. Mr. Hart, you know, is the chairman of that committee, and they are 
asking us to proceed with that work and carry it to an end. Mr. West and others 
know all about it, and Mr. Harding, and I think Mr. Houghten can carry it 
through successfully. 

L. A. Harpinc: It is the intention of the Laboratory, I believe, to continue 
the very excellent tests that have been run on dry pipe sizes by Professor 
O’Bannon. He ran tests on 1 in. only, and there is a need for continuing this 
work. I do not see any very great need for experimental work on vacuum return 
pipe sizes. The real difficulty is due to the use of copper type radiation in con- 
nection with a hot blast system under thermostatic control. I do not think we 
will correct it by increased pipe sizes. I believe a mechanical device, as sug- 
gested by Mr. Carrier (vacuum breaker), however, may be the solution. 

F. C. Houcuten: In his written discussion, Mr. Ebin suggests the possibility 
of considerably increasing the capacity of pipe in a two-pipe system. If the 
pipe is covered so that less steam will condense in it, it will have a slightly 
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greater capacity because the capacity of pipe in a two-pipe system is a little 
greater than a pipe of the same size in a one-pipe system where all the conden- 
sation returns through the supply piping. However, since the decrease in con- 
densation in a pipe in a two-pipe system, due to covering it, is a small percentage 
of the water returned through a similar pipe in a one-pipe system it would not 
seem possible to greatly increase the capacity due to covering. 

As pointed out by Mr. Ebin the capacity of a two-pipe riser can be greatly 
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increased if you want to force the condensation in the riser upward, so that it 
will return through the return piping. 

Fig. B gives the variation in capacity of a l-in. two-pipe riser with increas- 
ing pressure drops as determined by the Laboratory. The section of the curve 
zero to A represents capacities for perfectly smooth operation. The conden- 
sate returns through the riser with no interference from the up-flowing steam. 
As point A is passed, interference between up-flowing steam and down-flowing 
condensate begins as can be observed in a glass pipe. This interference is 
described in an earlier Laboratory report and increases as you go from A to B 
on the curve. Throughout this part of the curve all the condensation in the pipe 
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does, however, return downward through the riser and no noticeable sound re- 
sults. If the pressure drop is increased beyond B the condensation in the riser 
is suddenly swept upward and the capacity suddenly increases to C and then 
continues to increase to D, and indefinitely beyond, as the pressure drop is in- 
creased. You will get a similar but somewhat different curve for a horizontal 
pipe. 

There have been two points of view held by different authorities in regard 
to allowable capacity of pipe in a steam heating system. Mr. Donnelly and 
others, I believe, are firmly of the opinion that pipe in a steam heating system 
should be sized below the point of disturbance A in order to get uniform and 


proportional distribution of steam to all parts of the system for all rates of steam 
consumption. 


Other authorities including those responsible for accepting the values now in 
Tue Guipve tables, while recognizing that proportional distribution will not 
be theoretically perfect from A to B, feel that distribution will be so nearly per- 
fect that a system designed on the limiting capacity at A will operate entirely 
satisfactorily. 

A system designed to operate above B or in the region CD will, however, be 
so out of balance most of the time and so apt to be noisy that it would not be 
feasible to base the design of steam heating system on this higher capacity. 

Mr. Carrier and Mr. West discussed the last slide shown dealing with a dif- 
ferent phase of this subject on which the Laboratory is now working. The 
questions which they raise will be given consideration. in continuing the study. 

Mr. Linn asked if the amount of steam carried on up the riser beyond the 
branch studied did not affect the capacity of the branch. A 4-in. riser was used 
in all of this work. We could not get radiation enough at B, Fig. 1, even though 
a water-cooled condenser was used to reach the ultimate capacity of the riser. 
However, for a considerable variation in the quantity of steam carried beyond 
C, there was no apparent variation in the capacity of the branch. I imagine 
that when you come close to the ultimate capacity of A-B, so that considerable 
water is mixed with the steam, you will get water carried out into the branch 
causing trouble. 

Mr. Linn questioned the location of the radiation referred to in the tables. 
The capacity in square feet of radiation given in the table and charts does not 
refer to the size of the radiator used, but the steam or heat in Btu that was 
transmitted. A square foot as used in the paper means 240 Btu per hour, or 
in other words, pounds of steam actually handled. Whereas the radiator was 
surrounded by air at various temperatures, it was picked of such a size, regard- 
less of its surface, that it condensed the number of pounds of steam given. 
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PIPE SIZES FOR HOT WATER HEATING 
SYSTEMS 


The results of cooperative research between the AMERICAN SociETY OF HEATING 
AND VENTILATING ENGINEERS and the Texas Engineering Experiment Station 


By F. E. Gresecke’ (Member) anp Etmer G. SmitH’? (Non-Member), 
CoLLecGe STATION, TEXAS 


INTRODUCTION 


HE object of this investigation is to secure data which may serve as a 
basis for tables and graphs from which pipe sizes for hot water heating 
systems may be easily determined. 
The heating systems studied were of the gravity flow type with under-foot 
main and of such size as to be suitable for residences of ordinary size. 


Three varieties were studied, namely: 

(a) <A system with single main, as shown in Fig. 1. 

(b) A system with double main and direct return, as shown in Fig. 2. 
(c) <A system with double main and reversed return, as shown in Fig. 3. 


In each case the heater was located about 3 ft 6 in. below the mains, the water 
was heated by means of steam and all pipes were bare. The temperature of 
the water was measured by means of ordinary mercury thermometers passing 
through rubber stoppers so that the thermometer bulb was immersed in the 
water. 

The outstanding result of this investigation is the discovery that, for the 
type of system studied, the pressure heads produced by the individual radiators 
with their connecting pipe lines may be so large when compared with the pres- 
sure head produced by the heater with its main flow and return risers that 
they may interfere seriously with the proper circulation of the water in a gravity 


1 Director, Engineering Experiment Station, Agricultural and Mechanical College of Texas, 
College Station, Texas. 

2 Engineering Experiment Station, Agricultural and Mechanical College of Texas, College 
Station, Texas. 

Presented at the Semi-Annual Meeting of the Amertcan Society or Heatinc anp VEN- 
TILATING Enctneers, Bigwin Inn, Lake-of-Bays, Ontario, Canada, June, 1929. 


419 














Ree ASE RR. F 


eae: 


I 


420 TRANSACTIONS AMERICAN SocIETY OF HEATING AND VENTILATING ENGINEERS 


flow system of the type used in this investigation, if the pipe system has not 
been accurately designed and built. 

These disturbing effects of the radiator pressure heads are particularly active 
during the heating-up periods of the operation of the heating systems. For 
example, in the system shown in Fig. 4, the pressure head produced by the 
heater ténds to produce flow through the system in the directions shown by 
the straight line arrows. The pressure head produced by Radiator 1 tends to 
produce flow through the system in the directions shown by the wavy line 
arrows. The hot water reaches Radiator 1 before it reaches Radiator 2, and 
the pressure head of Radiator 1 becomes active as soon as its flow riser is 
filled with warm water. In the section between the heater and Radiator 1, the 
two pressure heads supplement each other, but in the sections between Radiator 
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Fic. 1. EXxperiIMENTAL INSTALLATION OF A ONE-Pipe SystEM 


1 and Radiator 2, they oppose each other. When the pressure head, in this sec- 
tion, produced by Radiator 1 is larger than that produced there by the heater, 
the circulation through Radiator 2 will be reversed, and Radiator 2 will be sup- 
plied with water that has been cooled by flowing through Radiator 1. If the 
pressure head produced by Radiator 1 is not large enough to “reverse” the flow 
through Radiator 2 it may be large enough to retard the flow through that 
radiator materially. 


_The opposing pressure heads produced by intermediate radiators in two-pipe 
direct return systems may be largely responsible for the sluggish flow through 
the radiator farthest from the heater. 


The reversal of flow through Radiators 5, 6, and 7 in the two-pipe direct 
return system is clearly shown in Fig. 21. However, this reversal was also 
found in Radiators 6 and 7 in the two-pipe reversed return system (the so- 
called, non-short-circuiting system) as shown in Fig. 15. 
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SCALE 





Fic. 2. EXPERIMENTAL INSTALLATION OF A Two-Pire Direct-RETURN SYSTEM 


To prevent the reversal of flow in all parts of the heating system, the instal- 
lation must be designed and executed so that at all points of every circuit the 
available pressure head will be of the direction necessary to produce the flow 
desired by the designing engineer. 

The above explanation may be clearer if the heater and radiators are re- 
placed by circulating pumps as shown in Fig. 5, or by electric generators, as 
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shown in Fig. 6, and, in that case, electric currents substituted for streams of 
water. 

To design heating systems of the types studied in this investigation it is evi- 
dently desirable to have the pressure head produced by the heater as large as 
possible and the pressure heads produced by the radiators as small as possible. 
These results can be attained in part by placing the flow and return mains as 
high as possible above the heater and as near as possible to the radiators, and 
by attaching the flow and return risers to the bottom tappings of the radiators. 


EXPERIMENTAL INSTALLATION AND OPERATION 


This investigation was planned and is being conducted in co-operation with 
H. M. Hart, Chairman of Committee on Pipe Sizes for Heating Systems, 
AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS. 


The purpose of the investigation is to secure data upon which simple tables 


. See 





























Fic. 4. Dracram ILLustratiInc How Fic. 5. Circuir ANALOGOUS TO THAT 
THE PressurE Heap GENERATED BY oF Fic. 4, THE HEATER AND RADIATORS 
One Raptator May Cause A ReE- BEING ReEpLaAcep BY CENTRIFUGAL 
VERSAL OF FLow IN SoME OTHER Pumps 

RADIATOR 


and rules can be based which may be used by steamfitters in designing and 
planning hot-water heating systems. 


Since the correct design of a large hot-water heating system is not very 
simple, it was decided to experiment first with a small system such as might 
be used in the ordinary one-family residence. It was assumed that it would be 
possible to prepare tables by which the ordinary one-pipe heating system could 
be designed, but since a properly operating two-pipe system possesses advan- 
tages over the one-pipe system, it was decided to experiment with a two-pipe 
system. Mr. Hart preferred the two-pipe direct return to the two-pipe reversed 
return. One objection to the two-pipe reversed return was that the flow and 
return mains in the basement generally slope in opposite directions. This 
makes such a system a little more difficult to install and causes it to present a 
less attractive appearance than is the case with a direct return system. How- 
ever, since many engineers believe that a system with a reversed return is less 
apt to short circuit than a system with direct return, it was believed that such 
a system would adapt itself more easily to design by means of tables or rules of 
thumb than would a direct return system. For this reason it was decided to 
begin the experiment with a reversed return system. It was felt that the objec- 
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tion to having the two mains sloping in opposite directions could be easily over- 
come by pitching both mains downward and connecting the far end of the flow 
main to the return, as shown in Fig. 3, so as to permit complete draining of the 
system when desired. 

To arrive at some basis for an empirical table of pipe sizes, it was assumed 
that the distance from the center of the heater to the center of the flow and re- 
turn mains would be about 3 ft 9 in. and that the temperature drop through 
the system would be about 30 deg, and that the total equivalent length of cir- 


Ps a. 
he a. 














Fic. 6. ELectricaL Crrcuir ANALOGOUS 

TO THAT OF Fic. 4, THE HEATER AND 

Rapiators BernG REPLACED BY BaAtT- 
TERIES 


cuit of any radiator would be about 150 ft. For these conditions the total avail- 
able pressure head* would be about 500 mil-inches of water column and the per- 
missible friction head in the pipe lines, about 314 mil-inches per foot. 

For this condition the following table of pipe sizes* would apply: 


Pipe Size Btu 
Pe A ARO re SOP Ce NER ERC Ee) OP Lem ee = 
Ot cs nanstnate hah npasdeahandeioi eibdadcesnackacun ica 
ve beac indie ccs bidatapesteegesecsensepacaadeee nen us oak edatem Fy 
REEL ALSE SC ARIO OE RITE IE 


Using this table, the pipe sizes shown for the mains in Fig. 3 were selected. 

No pipe smaller than % in. was used and, consequently, all risers were made 
% in. or larger. 

In all tests, a heat exchanger was used as a heater and the water heated by 
means of steam having a pressure of 25 Ib or less. The installations were made 
in a building in which the air temperature ranged from 90 F to 110 F during 
the tests. 

The system shown in Fig. 3, as first installed, had four radiators, Nos. 1, 2, 
3, and 4, on the first floor, and two radiators, Nos. 5 and 6, on the second floor. 
Radiator No. 7, as shown in the figure, was not at first installed. 

When this system was put into operation Radiators 1 to 4 operated correctly, 
but Radiators 5 and 6 did not. During every test run the flow of water was 
reversed either through Radiator No. 5 or through Radiator No. 6. Fig. 15 
illustrates the records secured during one of these unsatisfactory tests. The flow 


3 These values were taken from the diagram published in the 1929 Guipe and in the Design 
of Gravity Circulation Water Heating Systems by F. E. Giesecke. 
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Fic. 10. Apparatus ror DETERMINING THE Friction HEAD oF AN ORIFICE 
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was never in the same direction through both radiators at the same time; some- 
times it would be direct through No. 5 and reversed through No. 6, and at 
other times, reversed through No. 5, and direct through No. 6. 

In order to remedy this condition, the following changes were made: (1) 
The ordinary tees connecting the risers of Radiators 5 and 6 to the mains were 
replaced by long sweep tees, as shown in Fig. 7, in such a way that the friction 
in the circuit was materially increased whenever the direction of the flow was 
reversed. 

This change had practically no effect; the flow continued to reverse in one 
of the two radiators, in spite of the additional friction caused by this reversal 
in the long sweep tees. 

(2) The riser connections to the main were changed from that shown in 
Fig. 8 to those in Fig. 9. This change also had no apparent effect. 


While the changes enumerated above were not effective, it seemed at times 














Fic. 11—FiLow or WaAtTER 
THROUGH A SUBMERGED 
ORIFICE 


as if they were helping considerably, indicating that the dirction of flow was 
unstable, and might be reversed by comparatively minor influences. 

(3) Up to this time the flow and return risers had been connected to the 
lower tappings of the radiators; as it seemed that the direction of the flow was 
unstable and that a small difference in pressure head or in friction head might 
serve to reverse the flow or to prevent reversal, the connections of the flow 
risers were changed from the lower tappings to the upper tappings of the 
radiators so that if a reversal of flow through any one radiator occurred, the 
hot water would have to enter that radiator through the lower tapping and 
the cooler water leave through the upper tapping. This change was also inef- 
fective, and, in fact, it made conditions worse, as it resulted in a reversal of 
flow not only in Radiator No. 6, but also in Radiator No. 3. 

At this time a careful study was made of the pressure heads producing flow 
and the friction heads resisting flow in the several parts of the system, and 
especially in comparison with the conditions that exist in an electrical instal- 
lation in which the heater and the several radiators are replaced by batteries 
which furnish the pressure heads, and the pipe lines are replaced by wires which 
furnish friction heads and it was decided to introduce sufficient friction in each 
radiator connection to balance the pressure head produced by that particular 
radiator and also the pressure head available at that radiator of the total 
pressure head produced by the heater—in other words, to design the circuit for 
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every radiator so that the friction head in that circuit is exactly equal to the 
pressure head for that circuit. 

Since this could not be done without using pipes smaller than % in. for the 
radiator connections, it was decided to use one or more circular orifices, in- 
stalled in unions in the radiator connections. For this purpose copper sheets, 
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having a thickness of about 0.025 in., with openings of respectively %4 in., 
%e in., and % in. were secured and the friction heads produced by these orifices 
in % in. pipes were determined. 

To determine the friction head caused by a circular orifice in a thin metal 
plate placed in a union in a % in. pipe, the apparatus shown in Fig. 10 was 
constructed in such a way that there were 20 unions separated from each 
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other by 6 in. nipples, the pipe line doubling back on itself so that the two glass 
manometer tubes were near each other to facilitate the measurement of the 
difference in elevation, H, of the surface of the water in the two tubes. This 
difference in elevation, H, is the head lost in the path from A to B. The larger 
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portion of this loss of head is produced by the 20 orifices and the remainder by 
the pipe line, AB. 

To arrive at an approximate value of the loss of head caused by one orifice, 
let us assume that the water is flowing along the % in. pipe with a velocity of 
2 in. per second, and that it is forced to flow through a circular orifice and that, 
in flowing through the orifice, the stream lines converge, as indicated in Fig. 
11, and as is known to be the case when the discharge through the orifice is into 
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the air, in which case, the area of the most contracted portion of the stream 
is about 62 per cent of that of the area of the orifice. When the stream of 
water is discharged into a body of water instead of into air it may be checked 
before its area can contract materially. Assuming that no contraction takes 
place, the maximum velocities at the three respective orifices will be 21.7, 
13.87, and 9.66 in. per second, when the velocity of the water in the % in. pipe 
is 2 in. per second. The respective heads required to produce these increases 
in velocity are 604, 240, and 115 mil-inches. 

Assuming that the energy required to produce these velocity heads is trans- 
formed entirely into heat (which, in these cases, would elevate the tempera- 
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ture of the water less than 1/10,000 F) these heads of 604, 240, and 115 mil- 
inches, respectively, would be the friction heads added to the radiator circuits by 
introducing a %, %e, or % in. orifice into a 4% in. line when the water has 
a velocity of 2 in. per second in the 3% in. line. 

If the above reasoning is correct, the friction heads caused by such orifices 
will be practically independent of the temperature of the water, because, in 
these cases, the losses of head are not caused by ances fluid friction, but by 
transformation of kinetic energy into heat. 

The results of the experimental determinations are shown in Figs. 12 and 13. 
The friction head caused by the pipe line AB (without the 20 orifice plates) 
is represented by the line near the bottom of the diagram. The friction heads 
caused by the pipe line AB plus the 20 orifices are shown by the three other 
lines which represent respectively the % in., %6, and % in. orifices. 

A comparison of these four lines shows that the friction head of the line 
AB without the orifices is so small when compared with the friction heads of 
the pipe line with the orifices that it may practically be neglected. 














LIM 


Pipe Sizes ror Hor Water Heatinc Systems, GiesecKe AND SmitH 429 


A comparison of the values shown by Fig. 12, which were secured with water 
having a temperature of 88 to 90 F, with the values shown by Fig. 13, which 
were secured with water having a temperature of 140 to 164 F, shows that the 
two sets of values are practically identical and that the friction head caused by 
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an orifice is practically independent of the temperature of the water, as sug- 
gested above. 

With the data of Fig. 13 as a basis, the curves of Fig. 14 were prepared for 
use in the design of hot-water heating systems. 

Referring to Fig. 14, it will be seen that the friction heads of a 4% in., %e 
in., and % in. orifice, for a velocity of 2 in. per second in the % in. pipe are, 
respectively, 1,130, 400, and 170 mil-inches or about 88 per cent, 66 per cent, and 
46 per cent, respectively, more than those calculated on the assumption that 
there is no contraction of the stream flowing through the orifice. If these in- 
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creased friction heads are to be accounted for by a contraction of the stream 
through the orifice, the respective contractions in area, must be about 73 per 
cent, 77 per cent, and 82 per cent. 

Having determined the friction heads caused by these orifice resistors, it is 
comparatively easy to determine which resistors and how many must be in- 
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serted in any one of the radiator circuits in order that the friction head in that 
circuit may be equal to the pressure head available for that circuit when the 
system is operating at the rate for which it was designed. 

This was done and a very satisfactory operation of the system was secured. 
The results of one of the experimental runs are shown in Fig. 16. It is evi- 
dent, from this graph, that all radiators were operating in the right direction, 
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that the temperature drop through each radiator was about 25 F, and that the 
water entering Radiator 7 was almost 20 deg cooler than that entering Radia- 
tor 1. 


This excessive cooling of the water before it reaches the last radiator empha- 
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sizes the importance of covering the mains, or at least of covering the flow 
main, 

Comparing the operation of the system as shown by Fig. 15, when the 
system had been very crudely designed according to approximate rules for pipe 
sizes, with the operation of the same system as shown by Fig. 16, when the 
design of the system had been improved by adding enough resistance to the 
several radiator circuits so that in every case the friction head for the circuit 
was equal to the pressure head for that circuit, will suggest that for a heating 
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Taste 1. Capacities 1n 1,000 Bru or Mains For OnE-Pire SysTEMS FOR A 
TEMPERATURE Drop oF 35 Dec AND A Heap or 3 Fr 6 IN.* 











Length of Pipe Sizes—Inches 
Horizontal 
Mains 1% 2 2% 3 3% + 5 6 
50 37 68 98 171 245 327 580 888 
75 32 59 87 151 222 298 527 818 
100 28 53 79 138 204 278 487 774 
125 26 48 73 129 191 261 460 736 
150 23 45 68 121 179 245 437 700 
175 22 42 65 114 169 231 415 670 
200 21 40 61 107 158 216 394 638 
225 20 38 58 101 149 203 374 608 
250 19 36 55 95 140 190 354 580 





























* If the head is more than 3 ft 6 in., the values given in this table may be increased. 


system of the type under discussion it is impossible to prepare a set of tables 
from which pipe sizes can be selected in such a way that the system will func- 
tion correctly, without including also a set of tables of resistors to supplement 
the table of pipe sizes, unless the pipe sizes for the mains are unduly large. 

It may be possible to secure a radiator valve which will perform the func- 
tions of both the orifice resistor and of the radiator valve. 

The calculations relating to the use of orifice resistors, mentioned above, are 
explained in detail in the discussion of the two-pipe direct-return system. 

The second experimental installation was the one-pipe system, shown in Fig. 
1. The operation of this system was entirely satisfactory. Fig. 17 shows one 
of the sets of results secured with the one-pipe system. Fig. 18 shows the re- 
sults secured with the same system after additional friction heads had been 
introduced in the several radiator circuits by the addition of orifice resistors to 
the several risers as tabulated in Fig. 18. The effect of the resistors is to 
retard the flow of the water through the radiator and thereby to increase the 
temperature drop through the radiator. For example, in the run recorded in 
Fig. 17, the temperature drop through Radiator 2 is from 186 F to 169 F, or 
17 F, whereas, with the use of the resistors, the temperature drop through the 
same radiator is from 195 F to 158 F, or 27 F, as shown in Fig. 18. 


Fig. 17 shows clearly that the average temperature of the water in the radia- 
tors of a one-pipe system decreases as the distance of the radiator from the 


Taste 2. Capacities 1n 1,000 Bru or Mains ror ONE-Pipre Systems For A Drop IN 
TEMPERATURE OF 25 DEG AND A Heap or 3 Fr 6 IN.* 




















Length of Pipe Sizes—Inches 
Horizontal 
Mains 2 2% 3 3% 4 5 6 
eer rr 41 59 100 140 195 346 552 
DE icareddinteesvanctws 35 51 90 130 179 320 500 
De Selo bs s tiehis Sighig die eke 31 48 83 121 165 293 450 
SUE Gt Addks asd eed cannon 30 as 75 113 153 280 425 
SE Seahadines oxmamewnes 27 40 70 104 143 265 405 
Pree 25 38 66 98 136 252 390 
BEE seuieccann aie aeaiced 24 35 63 93 130 239 377 
BOP Scredlbciescasnkdsa 23 34 61 90 125 225 367 
BI ie. edvia Hike <n eba sibs 22 33 60 88 120 223 358 




















* If the head is more than 3 ft 6 in,, the values given in this table may be increased. 
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heater increases. Consequently, to secure a correct installation it is necessary 
to base the size of the radiator not only upon the number of Btu which the 
radiator is to dissipate, but also on the average temperature of the water in 
the radiator. 

For the installation described herein, the main was not covered because it 
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was felt that in most residences it is desirable to have the basement heated by 
the main and without the installation of basement radiators. When the base- 
ment need not be heated, the main should be covered to reduce the cooling 
of the water before it reaches the radiators. 

A one-pipe system should be designed so that the drop in temperature through 
the system will be as small as practicable. This can be accomplished, in part, 
by using a large main and by covering the main, 
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The operation of the one-pipe system is so simple and so positive that it is 
comparatively easy to design and to install such a system, and it seems that it 
should be possible to prepare tables according to which pipe sizes and radiators 
can be determined with sufficient accuracy. 


The following sets of tables and rules are proposed for this purpose. 
Table 1 is based on a temperature drop of 35 deg through the system. Table 
2 is based on a temperature drop of 25 deg. 


Both tables are based on a head of 3 ft 6 in.; i. e., on a vertical distance of 
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3 ft 6 in. from the main to the center of the heater. If the distance is greater, 
the system will function better than indicated by the tables. 

Both tables are based on the assumption that the main is covered. If the 
main is bare, the farther radiators will not be as efficient as the tables imply. 

For both tables, the friction head calculations were based on the “Length of 
the Horizontal Main,” listed in the tables, plus 10 ft of pipe and 10 elbow 
equivalents for risers and connections. These additions were assumed to be 
representative of the ordinary installations. 

A comparison of Table 1 with Table 2 shows that the size of the main must 
be increased as the temperature drop through the system is decreased. For 
example, for a system delivering 200,000 Btu, with a length of horizontal pipe 
of 150 ft, a 4 in. main is required if the temperature drop is to be 35 deg, and 
a 5 in, main, if the temperature drop is to be 25 deg. 
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It will be shown below that, as the size of the main increases, the average size 
of the radiator decreases, thereby offsetting the increased cost of the main and 
conserving floor space. 


Table 3 shows the capacities of risers for first, second, and third floor radi- 
‘ators. The table is based on the assumptions that the vertical distance of the 
first floor above the main is about 20 in., that the story heights are about 9 it, 
that the individual resistances in every radiator circuit are approximately equiva- 
lent to 14 elbows, and that the temperature drop through each radiator will 
be 20 F or less, 


Tables showing the capacities of risers supplying more than one radiator can 
be prepared but it is considered best not to propose such tables until after corre- 
sponding installations shall have been made and tested. 


RuLEs FoR DETERMINING SIZES OF RADIATORS FOR ONE-PiPE SySTEMS 
The correct method of finding the sizes of radiators for one-pipe systems is 
to assume the total temperature drop through the system and, having done that, 


to calculate the successive partial drops in temperature which occur in the main 
at the several return risers. Knowing these partial temperature drops, find, 


TABLE 3. MaxiMuM CAPACITIES IN Btu oF RISERS FoR ONE-Pipe SysteMs* 








Size, Inches First Floor | Second Floor | Third Floor 
Me iceccdcdvenvcetssheenepeesaneed 2,500 6,000 7,000 
D, dcueagdtechieseekekeeeeassaeal ea 5,000 11,000 12,000 
De sctiokucsseneieisertacenduaeae 9,000 20,000 24,000 
PD akscuwssneeicaskelsandes dana SE RS a ee Pees cre 
DS  tivnnacaanbissuwecsekensk diets’ yO ee eres tS: Se eee ry re 








*1f valves are installed in the radiator circuits, they should be of the same size as the 
pipes. If smaller valves are used, they will introduce larger friction heads than were included 
in the calculations on which the table is based. 


first, the temperature of the water in every flow riser, second, the average tem- 
perature of the water in the radiator, third, the value of k for the particular 
temperature difference—water to air,—and, fourth, the corresponding radiator 
size. 


Using this method in designing a system in which there are 16 sets of risers, 
it will be necessary to make 16 sets of calculations. This method may be un- 
necessarily refined and it may be sufficiently accurate to use the following 
approximate method: Divide the system into four sections so that the radiators 
in each of the four sections deliver approximately the same quantity of heat to 
the building. Number the four sections consecutively in the order in which the 
water flows, so that Section 1 receives the hottest and Section 4 the coldest 
water. Calculate the sizes of the several radiators in the usual way and then 
multiply the calculated sizes by the factors shown in the following tabulation: 


For a total tem- : ; A 
perature drop of Section 1 Section 2 Section 3 Section 4 
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To illustrate the use of the tables and rules proposed above, let it be required 
to design the one-pipe system shown in Fig. 19. 

There are 7 radiators delivering, together, 71,000 Btu per hour. 

The length of horizontal main is 160 ft. 

Let us adopt 25 F as the total temperature drop. 
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Fic. 20. Recorp or A Typicat Run For THE Two-Pire Direct- 
Return System WHEN THE Rapiators Were Eguiprep WITH 
Proper RESISTORS 


To find the size of the main: from Table 2, a 3 in. pipe is slightly too small 
and a 3% in. pipe too large. We could construct the main partly of 3 in. and 
partly of 3% in. pipe; or, if the main can be installed more than 3 ft 6 in. above 
the center of the heater, we could use a 3 in. pipe. It may be best to adopt the 
3% in. pipe in this case. 

To find the sizes of the risers: from Table 3, the largest radiator, No. 7, hav- 
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ing a heat output of 15,000 Btu will need a 2 in. ‘riser if located on the first 
floor, and 1% in. risers if located on the second or third floors. The smallest 
radiator, No. 6, having a heat output of 5,000 Btu, will need 1 in. risers if lo- 
cated on the first floor; and a % in. riser if located on the second or third 
floor. 

To find the sizes of the radiators: Let us assume that the water leaves the 
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Fic. 21. Recorp or a TypicaL Run For THE Two-Pire Drrect- 
Return SysteM AFTER THE Resistors Hap BEEN REMOVED 


heater at a temperature of 210 F when the system is delivering 71,000 Btu and 
that the radiators are operating with a temperature drop of 20 deg. The aver- 
age water temperature in Radiator 1 will then be 200 F, and the temperature 
difference—water to air—will be 130 F. For this temperature difference, and 
for a 38 in. 3 column radiator, the value of & is 1.36, and the heat transmission 
is 1.36 x 130, or 176.8 Btu per square foot. Consequently, if all radiators re- 
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ceive water at the same temperature as Radiator 1, the radiator sizes would be 
as follows: No. 1, 28; No. 2, 57; No. 3, 54; No. 4, 71; No. 5, 79; No. 6, 28; 
and No. 7, 85 sq it. 

To divide the heating system into four sections so that each section delivers, 
approximately, the same quantity of heat; we would probably place Radiators 
1 and 2 in Section 1, Radiators 3 and 4 in Section 2, Radiators 5 and 6 in 
Section 3, and Radiator 7 in Section 4. Multiplying the radiator sizes cal- 
culated above by the factors shown under the rules for determining radiator 
sizes, namely: 1,00, 1.10, 1.20, and 1.30, when the total temperature drop is 25 
deg, we find the following sizes: No. 1, 28; No. 2, 57; No. 3, 59; No. 4, 78; 
No. 5, 95; No. 6, 34; and No. 7, 110 sq ft. These calculated sizes must be 
changed to the nearest stock sizes available. 

The third experimental installation was the two-pipe direct-return system 
shown in Fig. 2. Having had the experiences described above with the earlier 
installations, this system was designed so that the friction head in the risers of 
each radiator was equal to the pressure head produced by the radiator plus that 
portion of the pressure head, produced by the heater, which was available for 
the radiator at the riser connections to the mains. The friction head was pro- 
vided partly by the pipe line and partly by orifice resistors in the radiator cir- 
cuit. The resulting operation of the system was very satisfactory as may be 
seen from Fig. 20, which is a record of one of the experimental runs. 

As a final test, the orifice resistors described in Fig. 20 were removed and 
the system allowed to operate without them. The results secured are shown 
in Fig. 21, which seems to illustrate very nicely what really happens when a 
system is said to be short-circuiting and which proves conclusively that a sys- 
tem will not function correctly when the friction-heads in some of the radiator 
circuits are too small. 

In order to show how accurately a hot-water heating system can be designed, 
a careful check-calculation was made of the operation of the two-pipe direct- 
return system shown in Fig. 2, for the operating conditions shown in Fig. 20. 
The object of the check-calculation is to find whether or not the friction head 
for every radiator circuit is equal to the pressure head available for that radi- 
ator when the calculations are based on the actual conditions existing during 
the experimental run shown in Fig. 20. 

The calculations are too complicated to be recorded here in detail. The 
general results for Radiator 1 are as follows: 


Heater pressure head (Produced in main flow and return riser)..... 649 mil-inches 
Friction head in heater and in mains between heater and connections 


ee ee BR SE ee, es eR A 95 mil-inches 





Remainder of heater pressure head, available to produce flow through 
EE RRC ERE EEE PRED ES 554 mil-inches 
Radiator pressure head (Produced in radiator flow and return riser) 410 mil-inches 





Total pressure head available for Radiator 1.............. 964 mil-inches 
Friction head in radiator and in connected pipe lines............... 50 mil-inches 
Friction head in two % in. orifice resistors.............00eeee eee 1,080 mil-inches 

Total friction head in radiator circuit...............200065 1,130 mil-inches 


Excess of calculated friction head over calculated pressure head, 1,130—964, or 
166 mil-inches. 
Per cent error: 166/964 or +17 per cent. 
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Similar calculations were made for the other six radiators and the following 
general results were found: 


Calculated Calculated Per cent 

Radiator Pressure Head Friction Head Error 
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It is evident from these check calculations that every radiator in the system 
is functioning as would be predicted from a correct design; except Radiator 5. 

The calculated friction head in the circuit of this radiator is about 692/172), 
or 40 per cent smaller than the actual friction head. No explanation for this 


























Fic. 22. Posstsre Dovusite F Low, 

Causep BY CooLtinc During Low 

VELOCITIES, IN A FLow Riser, Pro- 

DUCING AN EXCESSIVE FRICTION 
Heap 


large discrepancy could be found unless it be that the velocity of the water in the 
flow riser is so low that the water in contact with the pipe cools sufficiently to 
reverse the direction of its flow along the outer portion of the stream, as sketched 
in Fig. 22. If such a condition should exist it might account for the high fric- 
tion head which was found in the actual installation and it would suggest the 
existence, in the flow risers of hot-water heating systems, of a “critical velocity” 
below which the system will not function correctly. 

The subject of a critical velocity in hot water heating pipes may be very im- 
portant and well worth careful study as a separate research project, in connec- 
tion with additional studies, similar to those described in this paper, which 
will be necessary before tables can be safely proposed that may be used in the 
design of two-pipe heating systems. 

In conclusion, the authors express their appreciation of the valuable assist- 
ance given them in this work by G. H. Glover and W. H. Badgett, seniors in 
Texas Agricultural and Mechanical College, especially in the preparation of dia- 
grams and with the check-calculations. 


DISCUSSION 


H. H. Ancus: In Canada we use hot water heating to a large extent for resi- 
dences, hospitals, boarding schools and similar buildings. On the larger build- 
ings we find it advisable to use a pump to increase circulation. These pumps 
usually operate at a very low head, in many cases 6 in. or less, and the power 
required is very small. Due to friction in glands and bearings, however, it is 
not advisable to use a motor of less than 4 hp. 
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The advantage of the pump is, that you get circulation more quickly than by 
gravity, so that, on a job designed for 30 deg drop with gravity you will get 
probably 5 to 10 deg drop when using the pump. This means that in cold weather 
the temperature of the radiators is considerably higher than it would be with 
gravity circulation also when the fire is increased the radiators respond very 
quickly. The pump also will generally improve very considerably the circula- 
tion on a job which is poor and will provide uniform circulation on a system 
where some radiators are hard to heat. 


On oil burning furnaces the thermostat controlling the oil burner is generally 
placed near the centre of the building and it shuts off the burner sometimes be- 
fore radiators at the far ends have had time to heat up. By wiring the pump 
so that it operates at the same time as the oil burner the heat absorbed by the 
water is carried to all sections of the building uniformly. 


On the medium sized jobs where pumps of this kind are used, it is customary 
to use only one pump and as this may get out of order at certain times, the 
system should be designed with sufficiently large pipes to allow for enough 
circulation to prevent discomfort. Therefore while the pipe sizes may be con- 
siderably smaller than for a 30 deg gravity job it is advisable to keep them large 
enough for a 50 or 60 deg gravity job to provide for emergency. 


I understand Professor Giesecke is doing some work on pipe sizes for systems 
of this kind as there is considerable room for improvement in the ordinary 
gravity system. 

Homer R. Linn: I think Mr. Angus mentioned an essential point in his com- 
ments on oil burner installations for hot water heating. I have found that when 
a pump is installed in the line a lot of troubles that have been charged against 
the oil burner are corrected; particularly that of not getting the water to the 
radiator before the burner shuts off. One question I wanted to ask Professor 
Giesecke is whether in his one-pipe system he determined the proper distance 
between the flow and return connections to the main in proportion to the size 
of the radiator? 


H. M. Nosts: I notice that Professor Giesecke used a steam generator. I be- 
lieve that the use of a coal fired boiler would produce different circulating speeds, 
due to the fact that by higher fuel temperatures a steam bubble liberation takes 
place which facilitates the movement of the water within the system. I also 
notice that the radiators are all connected on the bottom, especially the flow 
line and I would like to point out that if you supply hot water at the bottom 
of a radiator it gets cooler immediately because of the mixing that takes place 
with the colder radiator water. 


R. C. Botsincer: I would like to ask if in making the connections in the one- 
pipe system, there is any difference between using the partition fitting or just a 
regular fitting. 


Proressor F. E. Giesecke: Regarding the question of a pump to increase 
pressure heads: This is a question of relative economy, namely, is it cheaper to 
install, maintain, and operate a pump, or to install pipes of sufficient size to 
secure satisfactory gravity circulation? A calculation should be made to secure 
the correct answer. 
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Regarding Mr. Linn’s question: We have madé no tests to determine the 
safe minimum distances between radiator connections to the main. I believe, 
for gravity circulation systems, it is sufficient to make the distances equal to 
those between the respective risers. For forced circulation systems, it may be 
necessary to use greater distances because the water has a higher velocity in 
the main and, consequently, a larger pressure head is necessary to divert a suffi- 
cient quantity of water from the main into the flow risers. For such systems, 
the proper distances can be calculated; they depend, in part, upon the relative 
sizes of the main and the risers. 


Regarding the difference between the riser connections to the upper and the 
lower radiator tappings: Tests have been conducted at the University of 
Illinois to determine this difference. The radiator used was a 3-column, 38-in. 
radiator. When the upper tapping was used, the hot water distributed itself 
uniformly along the upper portion of the radiator and then flowed uniformly 
downward through all sections of the radiator. When the lower tapping was 
used, the hot water moved upward through the middle one of the three columns, 
and then downward through the outer columns. The heat dissipated by the 
two radiators was practically the same but there was a considerable difference 
between the paths followed by the water in flowing through the two radiators. 
It is possible that, with other types of radiators, the riser connection at the 
lower tapping may be less efficient than it was found to be with the 3-column 
radiator tested at the University of Illinois. 


In our own tests, as explained before, we first used the lower connections and 
later changed to the upper connections; the change made the operation of the 
system worse than it had been; with the lower connections we had only one 
radiator running backward; with the upper connections we had two radiators 
running backward. The change increased the radiator pressure head unduly 
as compared with the heater pressure head. 


I do not know how important or how desirable it is to use partition fittings. 


PresIDENT Lewis: Professor Giesecke certainly keeps us on our mental toes 
to follow him, but he has reduced his idea to fundamentals and he has made a 
complicated matter seem simple. I think he deserves a lot of credit for that 
conception of pressure differential which he has just explained. 


S. R. Lewis: Mr. President, I cannot forbear to mention my pleasure about 
the success of the cooperative agreement with the Texas Agricultural and 
Mechanical College. Professor Giesecke is bringing hot water back to us. 


We must not forget what a wonderful tool hot water is in heating. I recall 
a case of recent experience. An architect said, “I have a house on a hillside 
in Glencoe and a planned addition brings the boiler room up about the second 
floor level. I have a billiard room and other occupied rooms down on the hill- 
side in the basement. I do not want any pipes under the floor nor around the 
walls, and the problem is to properly heat that house.” 


An oil burning hot water boiler with an electric booster pump was installed 
and the pipes were run overhead and down the walls, with the radiators on the 
floors. A very nice letter from the architect said: “You have solved it; the 
hot-water plant with the pump does the business.” 
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I am for hot water heating and I am for Professor Giesecke, who produces 
the goods. He was one of the first men to respond to the Guide Publication 
Committee and send in a revised chapter on hot water pipe sizes and hot water 
heating for THe Guipe 1930. 
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OVER-ALL HEAT TRANSMISSION COEFFI- 
CIENTS OBTAINED BY TESTS AND 
BY CALCULATION 


The results of cooperative research between the AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS and the University of Minnesota 


By Frank B. Row ey,’ A. B. Avcren,? J. L. BLacksHAw,? MINNEAPOLIS, MINN. 


NE of the important factors in the problem of heat transmission through 
O building materials and insulated walls is that of the relation between 

the over-all coefficients as obtained by test and as determined by calcu- 
lation for a built-up wall section. There are two coefficients commonly used 
to designate the thermal value of materials: the over-all coefficient, and the 
thermal conductivity of the material. The first is generally designated by U 
and gives heat transmission in British thermal units per hour per square foot 
of wall per degree difference in temperature between the air on the two sides of 
the wall. The second is designated by k and gives the thermal conductivity of 
the material in British thermal units per square foot per hour per inch thickness 
per degree difference in temperature between the two surfaces. The difference 
between these coefficients is that the first one covers the full thickness of the 
wall giving the transmission from air to air, while the second one gives the 
transmission from surface to surface per inch thickness of the material. The 
first is applicable to built-up wall sections, and the second to the conductivity of 
homogeneous materials. 


It is conceded that the conductivity, k, for a material is much more easily 
determined by test methods than is the over-all coefficient. 


In the first place, the apparatus commonly used is much less expensive to 
construct and the results may be obtained at a much less expense of time and 
material. The over-all coefficient is, however, the one necessary for finished 
buildings and it must either be determined by test or indirectly by calculation. 
If it is determined by calculation, the results must be sufficiently checked by 
tests to prove the correctness of the procedure. 


The method of procedure and the type of apparatus for determining the ther- 
mal conductivity of homogeneous materials is fairly well standardized and ac- 
cepted by the various experimenters. This consists, in general, of a hot and 
a cold plate between which the test material is placed, the hot plate being so 
arranged that the heat to the test specimen may be measured and the heat 
~ 1 Member—Professor of Mechanical Engineering and Director of Experimental Laboratories, 
University of Minnesota. 

Non-Member—lInstructor in Mechanical Engineering, University of Minnesota. 
% Member—Research Fellow, University of Minnesota, Minneapolis, Minn. 
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losses prevented by a spcial guard or balancing ring. The method for deter- 
mining the over-all coefficients is not yet as commonly accepted. In general, 
there are two procedures possible; first by an actual test of the built-up wall 
section, and second, by calculation. Several types of test apparatus have been 
proposed and used. One type consists of some especially designed box and the 
other is some form of plate or meter placed in contact with the surface of the 
wall. In any case, if the results are to be of value, great care is necessary to 
prevent any unknown loss of heat and to obtain accurate measurements of tem- 
peratures and heat flow. 


If the over-all coefficient is to be determined by calculation, there are several 
factors pertaining to the specific materials used in the walls which must be defi- 
nitely known. Without these the results may be incorrect and misleading. 


Some of the factors which enter into the calculation are as follows: 


A. The thermal conductivities of the individual materials used. 

B. The arrangement of these materials in the structure. 

C. The conductivity of the air spaces within the wall. 

D. The surface coefficients of the outer layer of the materials. 

“A” The thermal conductivities of the materials are normally determined 
by the hot plate method. They depend upon the character of the material, den- 
sity, moisture content and mean temperature. The conditions governing these 
values must all be considered if the conductivities are to be applied with accu- 
racy to any particular wall. A common mistake is to use conductivities which 
were obtained for an entirely different mean temperature, moisture content or 
density than those at which the material is to be used in the wall. 

“B” In considering the arrangement of materials, in the wall, such factors 
enter as the proximity of these materials to each other, the thickness of the 
particular material in the construction as compared to the thickness when 
tested, the blocking off of the air spaces and the occurrence of air circu- 
lation through the materials themselves. As examples of possible errors, a 
flexible, soft material which is rated at % in. thickness may be nailed between 
two layers of boards and brought down to less than % in. in thickness. 
Materials which are porous in nature may be placed in a wall in such a manner 
that natural air circulation through the material will offset a large part of the 
insulating value. The application of the material may be such that heat is 
transferred around it by air currents. When any of these factors are present, 
the results obtained by calculation are misleading. 

“C” The values assigned to the air spaces will vary depending primarily 
upon the thickness of the air space and the mean temperature. A common 
method has been to assign one value for all air spaces, which, in the light of 
recent experimental work, is incorrect. In selecting these values, it must be 
definitely known that the air space is a closed compartment and not open to 
communication with other air spaces of different temperatures. 

“D” When considering the inner and outer surface coefficients of the wall, 
due regard must be given to the character of the surfaces, the nature and tem- 
perature of the surrounding objects and the wind velocity to be expected over 
the surfaces. For practical results the wind velocity is the most important 


factor to be considered. - 
From the foregoing it is evident that there are many elements which enter 
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into the method of determining over-all coefficients by calculation. If, how- 
ever, these elements are all definitely understood, and there are no other un- 
known factors as infiltration entering into the problem, the over-all coefficients 
may be calculated with accuracy, and the results will check with those obtained 
by accurate test methods. There are cases, however, for which calculations are 
difficult, due to complications of the structure, to air leakage, to changes in the 
form of material when applied, to poor workmanship, etc. In such cases these 
conditions must either be estimated for the calculations or else the constants 
must be determined by test. 


There has been much controversy over the relative merits of the two general 
methods for determining the over-all coefficients. Some have advocated the 
test method and others that the constant be determined by calculation. 

It is easy to find plenty of examples where both methods have given errone- 
ous results. For this reason some engineers have taken the stand that there 
is no acceptable method for determining these over-all coefficients. In spite 
of the controversies which may exist, the fact is that accurate results may be 
obtained by either method when properly applied. If test methods are used, 
accurate instruments and methods must be employed, and if calculation is re- 
sorted to, the full conditions covering the specific properties of the materials 
and their application to the wall must be known. 

It is not the purpose of this paper to discuss the relative merits of different 
types of test apparatus which have been used for determining over-all heat trans- 
mission coefficients, but rather to consider the results as obtained by one specific 
type and to compare these to the results obtained for the same walls by analyti- 
cal methods. The hot box apparatus was used to determine the over-all co- 
efficients and the hot plate to determine the conductivities of the individual 
materials. These were described in a paper entitled Heat Transmission Research 
and published in the TRANSACTIONS OF THE AMERICAN Society oF HEATING 
AND VENTILATING ENGINEERS, 1928, p. 439. The description of the apparatus 
will, therefore, be omitted. 


For calculations the following well known formula was used: 
1 





U= 
1 ra 1 £s 1 
—4+—+-—+4+-4+-4+-+4+ 
f 1 k, a, a, 2 0 
in which U is the over-all heat transmission coefficient of the wall, f, and f, 
are the inner and outer surface coefficients of the wall, +, and +,, etc., are the 
thicknesses of the various materials used in the wall, k, and k,, etc., are the 
respective conductivities of the materials, a, and a, are the air space coefficients 
for the air spaces as occurring in the walls. 

These factors were determined for the walls considered as follows. The con- 
ductivity of all insulating materials used was determined by the hot plate 
method. The conductance was determined for all combinations of materials as 
were used on the surfaces of the walls. Thus lath and plaster; sheathing, build- 
ing paper and lap siding; sheathing, building paper and stucco were treated as 
separate units and the conductance determined for the mean temperatures at 
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TABLE 2—CoNDUCTANCE OF SPECIFIC COMBINATIONS OF MATERIAL USED FOR 
CALCULATING THE OVER-ALL TRANSMISSION COEFFICIENTS OF WALLS 





























Materials Seagubion’ Conductance 
DG Gath Se OA" SNE So ck Sc adic cacae des tacks 70 2.50 
Fir sheathing, building paper and pine lap siding......... 20 0.50 
Fir sheathing, building paper and stucco................. 20 0.82 
Fir sheathing and building paper.....................00- 30 0.706 
Building paper and 4” pine lap siding.................... 15.5 0.854 
ee i gs. eR RP a Soreietey pay npbcun et 73 8.8 





which they occurred in the walls. The air space coefficients were takeu from 
the curves as previously determined and reported in a paper entitled Thermal 
Resistance of Air Spaces, TRANSACTIONS OF THE AMERICAN SOCIETY OF HEAT- 
ING AND VENTILATING ENGINEERS, 1929, p. 165. The surface coefficients were 
taken as the average results obtained from many tests with the hot box. These 
surface coefficients are for an air velocity of about 0.6 mph and place the calcu- 
lated results on the same basis as the test results. 


The conductivities of the insulating materials used as determined by the hot 
plate for the mean temperatures corresponding to their position in the walls is 
given in Table 1. The conductance of the specific combinations of materials for 
mean temperatures at which these combinations occurred is given in Table 2. 
The surface coefficients as determined from tests and used in the calculations 
are given in Table 3. The air space coefficients as previously determined were 
taken from the curves of Fig. 1. A complete description of the walls tested and 
calculated is given in Table 4. The individual coefficients and factors used in 
calculating the over-all coefficient for each wall are given in Table 5. The 
majority of these values were taken from Tables 1, 2 and 3 and the curves of 
Fig. 1, and compiled in Table 5 as a matter of convenience. The final results 
giving the relation between the calculated and test values are given in Table 6. 
It should be noted that in cases where a soft felted insulation was used the thick- 
ness was determined as accurately as possible after the material was in place 
in the wall. In the case of wall No. 15 this actually introduced an additional 
air space over part of the surface of the insulating material. 

In selecting the values for the conductance of air space in framewalls, the 
question arises as to what insulating value should be given to the studding 


TABLE 3—SurFace CoeFrFIciENts Usep ror CALCULATING THE OVER-ALL TRANSMISSION 
COEFFICIENTS OF WALLS 


























Surface Miccetetlions fi fe 
UE he so sa badn cdaa Ses HANES CARRE 77 BA 5 > Ulketeieciakess 
SNE CONES ecb anak enolase es astekacdoweaed 75 Fy SERA EPR noe re eee 
PI o.c5% sia ckReup a cance need ARES ES es ata ee 1.5 
STREP RO ree Ferry tee eae mee ee 1.6 




























































































GALVINDIV>) GNV GaLSa], STIVA, 40 NOIaMMOsaq—p aTaV 


5 - ; ee ee re . ”) gira ack chalet Surpis dey suid pl ******** sayseld .,% (S$ 270N) 
Sr AP Eee SS — steed Surpjing ‘5 uonrinsty seeeees fF) UOREINSUy|****** «swe 9% 
FI 
Tere rry ise ceo ngees ga SS See tees meee: | pee Teepe 0 eek. exis 
~ ‘aoeds Ne AE 20 PUON]o, -payeu 5 pseoq SBunensuy|]5 pseoq sujejnsuy ouesy | £2 
z 
‘ . MESSRS th RSS See * Suryyeays [+++ -- esses + Surpis dey suid ,p] °°" °''°"* sessed ,%]...... 
. SneGs Fu 08Q ourede yoeq paced y uolnensuy traded Suipiing ‘Buryzeays sy VY Wie] pooMm ,, % — 6I 
vA 
& 
< . <tc ea eo Buiyjyeays sspun fees se esses Suipis dey suid ,pi'******** sayseyd Se], ..... 
= Se PoE Oe auippms uo payeu Q uoHENsuy|ioded Surpying ‘Suiyyeays ay ,%l"*'*** WIV] poom |, % eae: ve 
= 
a 
‘ ‘. *SZuippnyis usa Mj0q aoevds ae ee ee a) Surprs dey auid a? se eeeenes 4ayseid a % (+ ‘g S9}0N) 
> saoeds 418 4%, OM] ur ABMpIu pasuey BY uoyjelnsuy jrsded Buipyinq ‘Buryyeays 3 Yl***** Ye] poom , wae ene Cape $I 
a pring tyyeoys IY, a 
2 
F **BuIppnys usamjoq aoeds Ae [sss seer eeeee Burpis dey oud ,pi"******** sayseld , % (Z 230N) 
3 Saoeds tie ,,%4 1 omy], a1 ABMpIM pasueyg D UvoNrnsuy |roded Surppinq ‘suiyjyeays sy ,,%I"** yet] poom Se)" ** ourery ZI 
& 
< 
a sovee eevee Buipis dey ouid yf) saqse]d , % 
‘ceils etl ‘ asks 039 88 20 Fea ge Capes ° DUON [see eeesecee +++ s9ded Suiprng 4 siding ee 1d , coeees gue Il 
, Ie AL UO teeeeeeseesegr pavoq Sunemsuy |“ Pseoq SZuryemsuy 
2 
a me geht te OS “** Surpis dey auid yb]... .., 
oO ‘soeds aie ,%e aol” ew at Seeers GON |-«scsesecccecos saded Supmg!  _- dayseujd 9 ]-*+*+* ouesg] OL 
& J teeeeeseessem pyvoq Sulepnsuy Yre] POOM ,,% 
5 334vd 92143 OjUI doRdS Ie aplAIp ‘ 
S) ‘aouds He 8% 2UQ0jo, suippnys usemjaq pardde seeesecess Surpis dey suid ,p|****° “se* gaqsed ,,% |(€ ‘Z S230N) as 
= ‘ssoeds 8 ,%1 OML) y uoneinsur jo sassauyoy} OM] 1oded Suipiing ‘Buryjeays sy Ye)" *** Ye] poom ,,% ound 
2 (I 330N) 
eg) DIY Ge a ceecececece Surpts dey aurd abl (ttt sayseyd 8% se owe 
z ‘souds 318 Ye aUgi’’********': i oe sUuON raded Burpyinq ‘Suryjyeoys sy ,Wl'***** WIE] poom *% =) > oweas v8 
E 
‘ WYTTITTi TT TTL TTT teeeeessesss Sutpis dey suid ,p]'******** saysejd 9)... 
z aoeds se ,,%¢ 20 PUON |raded Surpping ‘Suiyyeays ay ,,%|°***** yae] poom “% omega | g 
< . 
& soeds 11y uornensuy uoHjONsysuoDd aIpIs3Ing uOoTjONIysSUO, aprsuy | [eA\ JO odd] wen. 





z 


Heat Transmission Corrricrents, RowLey, ALGREN AND BLACKSHAW 






































“peljdde sem UOREMSUL 243 10¥9q UDUIED jOo1d193eM JO S}OD OM} YIM P2II9A0D SEM YIIIG JO BoBJINS J9UUI 94], ZH TEAM (8 0N) 
[Tem Yyouq Aepo ‘ul-p & uo 4s9} & WIOIZ Udy e} SEM PUG 43 Joy ANAHONPUOD 24], *Buryzeoys 
pue yor11q useMjeq oeds JIE ‘UI-Y% B Bulavsy] poppe usy} sem Yosq soe} “UI-p YW “EE [TVA WOsy pedowss sem Burpis ayy Le eM (Z 230N) 
‘ul z'Q PasesoAe saded yye19 pue pse0qg ae usemjoq aoeds IV $f [TEM (9 230N) 
‘EZ [[eM 0} Seysiuy sovzins Zurppe - dn opeur sem 92 [Ie 92 TIZM = (S 270N) 
*SSOUYIIY] UI ‘Ul O°9 ®BeIZAB PUB vdIe 94} JO JUV. Jad ¢g ynoOge 12A09 $39 
asoyy “eJsIeq pue Joded 3je19 94; Uus20M}0q PouIOy oq 0} SodEdS IIe SoSNeD [eIJozEUI Burjepnsur oy} jo uoreoydde poe ST 112M (% 270N) 
“STRAIOJUI 300}-30143 3B D0¥dS IIe ul posn seM Jopesy preog soded YW gg Tem (£ 230N)) 
‘saoeds 41@ 94} 410% dINJeI9dUI9} UNI BBeIDAe 94} SE dye} SEM FT Ob (Z 230N) 
*S]U9IIND UOTZISZAUOD yUdAZId 0} YO peyoo[q sem [TEM JO eIIe Jey YS eM (TI 230N) 
tf FIQUL 10f SoION 
A LAINE ELIS [ccc ss Burpis dey auid yp] ******** saaseid %]....., 
soeds me ,%e suo] * PUON |roded Suippnq ‘Suiyjeoys ay ,¥]oc° +e? EET poo “8 owery |] aes 
: eeiehiahs Suet er Surpis dey auld ub| apis 982 UO a1ade a0N 
saoeds are ST OML) ysamjaq paSuey 3 uoneinsuy taded Buipiing ‘Suryyeeys say ,,% potrests umsda3 xs baa Se ae ages 
“plq 4 
JO SaSinod J9yno puke souul |°****Sdi4ys BSutsiny ,%][ use} ee re ree ere 
uaemjoq aoeds se 9° 2uQ|-2q OIG jo gg) Bn 0} yorsq woumos |------++ sayseyd 9%]... (8 s30N) Zr 
‘ye, pue uorens| patdde ‘yoy ,p1g" ‘{ uonensuz|“ WE Peyxed A4q Pe} yh) ***** Ye] poom ,, % PHI «8 
-Ul UdaMjeq JoREdS IIe ,C° BUC 
10F ROM: We ONORe Fe eg hte 8 ott <8 +5 2 o> De Ds savectes oes deecceves (Z 230N) 
uoippe ut Jaded pue yorq [03 Apap Burppnys eeaene it ie titan | ig « % | -zaouaa ypriq “eg 
usamjeq aovds se ee aug | pardde ‘piu ,T'T ‘f uonemsuy WEL Pom 4% lqgyim suresg 
‘saoeds se ,8¢{ omy] “22ded yyesd 343 YM Sapis [----+++ +++ * Surpis dey aurd ,,p]°2P!S yore uo pasadeg (Z 330N) 9¢ 
qi0q UO petaAOd ‘Vv uornelnsuy calle Surpiing ‘Suryzeays 4y , WV coscooos wumegks at soe’? saaee 
sereees Surppnys usamjzaq ABM 
‘saoeds se ,,%4[ OM]|-prur pooeid ‘apis poo uo saded  |******* “** Burpis dey aud ,p)-**+***+ sayserd ,,86/(9 ‘Z 8230N) re 
wero Aavay ye ‘gq uoONeENsuy aded Suiping ‘Buryzeays ay ,Yl-***** yy] poom ,%ls**+* aswesg 
‘ TEETETELEEEEE EEE Buryyeays Suipis és d a 
‘soeds Ne ybZ PBUOlo, Apjoe11p Burppnys usamy |! Se ] auid ,pi**s****** saqseujd , 9G]...... 
-aq paydde f man sees jo , Trp | 4eded swiping ‘Suryyeays 3y Yel" ** yyw] poom ,, % won ad 
settee eeeeeeeeeereees gyapd. 
‘ ° Jenba 99143 Ou! aoeds se apla tocesccsoces Supe Cap sun picee*s**** sapemé . 230N 
ssoeds 278 SOT SH -Ip 0} Zuippnys usamjaq posoeds taded Suipying ‘Suryzeays ay Yel ss ** ypeT poon 2 ios Me ye 8Z 
H uoyeinsur sassouydiy, OM] - 





























450 Transactions AMERICAN Society or HEATING AND VENTILATING ENGINEERS 


which passed through this air space. From a practical standpoint, this would 
naturally be neglected, but for the purpose of more accurate checks, this effect 
should at least be considered. The thermal resistance of the studding may be 
easily determined and the average resistance for air space and studding might 


be calculated on the basis of parallel circuits of heat flow. The results thus ob- 
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tained would only be true, in case the studding did not effect the conductivity of 
the air space. If we analyze the condition, it is evident that the greater part of 
the heat transferred across the air, space is by the convected air currents, the 
air taking the heat from the hot surface transferring it over to the cold sur- 
face. The effect of the surface of the studs which pass through the air space 
is to increase the hot and cold surfaces in contact with the air, or in other 
words, some of the heat transferred across the space is picked up from the sur- 
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face of the studding next to the hot side and given back to the surface of the 
studding next to the cold side of the space. The effect of the studding 
on increasing the heat transfer in this manner depends upon their con- 
ductivity, and upon the ratio of the area of the exposed surfaces of the stud- 
ding to the width of the air space. It is evident that the exact relation here 
would be very difficult to determine, but that the effect would be to increase 
the heat transfer across the air space and to neutralize the effect due to the 
additional insulating value of the studding.» When it is considered that only 
10 per cent of the air space area is covered by the studding, it is evident that 
the effect is very small, and in cases where insulation is placed in the air space 
between the studding, the insulating value of the air space and studding is sub- 
stantially the same and any possible difference may be neglected. Tests made 


TABLE 6—RELATION BETWEEN CALCULATED AND TEST RESULTS 








vane Ving PU Varieties 
Wa Be ‘At 40 F At 40 F Based on 
Mean Temp Mean Temp Test Results 

0.224 0.226 0.88 
0.224 0.225 0.45 
0.134 0.139 3.59 
0.189 0.186 1.61 
0.151 0.153 1.31 
0.119 0.115 3.48 
0.134 0.134 0.0 

0.144 0.141 2.13 
0.155 0.155 0.0 

0.207 ” 0.212 2.36 
0.165 0.168 1.79 
0.146 0.142 2.82 
0.117 0.116 0.86 
0.131 0.129 1.55 
0.133 0.130 2.31 
0.103 0.106 2.83 
0.136 0.137 0.73 
0.120 0.120 0.0 

0.224 0.217 3.22 

















for the purpose of determining air space values with and without studding 
passing through the test area showed that there was no appreciable difference 
in the over-all coefficients. The effect of the studding was, therefore, omitted 
in all calculations for the over-all coefficients. 


An analysis of the results given in Table 6 shows that there is a very close 
agreement between test and calculated results, the maximum variation being 
3.59 per cent. For wall 8B which shows the greatest variation, the insulation 
was held between the studding by friction and there was a possibility of a small 
amount of infiltration of air past the joints which would increase the test results. 
Wall 12 was insulated with a felted material between two layers of paper in 
which there was some uncertainty as to the exact thickness of the insulation. 
Some variation may also be accounted for by the different characteristics of 
walls built after the same specifications. For instance, several of the walls 
have been duplicated from different lots of material. The average variation in 
test results has been found to be 2 per cent with a maximum of 5 per cent. The 
sheathing of the wall which showed a 5 per cent variation was found to be 
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about 3/32 in. thicker than that on the walls used for comparison. Such vari- 
ations must be expected in any type of construction. 

The results likewise show that accurate results cannot be expected by analyti- 
cal methods, unless due regard is given to the selection of the individual con- 
stants which enter into these calculations. The values of the individual mate- 
rials are affected by several variables and their selection must be governed by 
the conditions under which the materials are used in the wall. 


For walls in which materials are impervious to the flow of air and are of 
definite thickness and location, the calculations are comparatively simple. For 
conditions in which the materials are porous or where the thickness in the wall 
is indeterminate, with indefinite air spaces and possible communication between 
the air spaces, the calculated results are less accurate and more apt to be mis- 
leading. In order to determine the effect of some of these doubtful conditions, a 
wall was built with a removable inner surface. This wall was tested without in- 
sulation and with different materials applied between the studding. The results 
of these tests are given in Table 7. The original wall without insulation, or 53A, 
gave results by test and by calculation which check very closely. For wall 53B 
with a porous material placed so as to divide the air space into two equal parts, 
the test results were 14.7 per cent higher than the calculated results. This was 
due to the infiltration of air through the insulating material used. For wall 
53D with an impervious insulating material dividing the air space, the calculated 
results check with the test results. These results show the effect of excessive 
air infiltration between air spaces. 

When the insulating materials of walls 53B and 53D were cut off 1 in. at the 
top and bottom allowing the air to circulate around the insulation, the test 
showed for wall 53B an increase of 33 per cent, and for wall 53E an increase of 
53 per cent over the calculated results for the same walls with the insulation 
sealed at the top and bottom. These tests indicate very definitely that the in- 
stallation of insulating materials is a very important factor. For commercial 
insulating materials which are used to divide the air space between the stud- 
ding, the most important factor to be considered is the sealing of these materials 
at the top and bottom of the air space in order to prevent a direct transfer of 
heat around the material by air currents. 

The results of this investigation show conclusively that reliable over-all co- 
efficients may be obtained by the hot-box method of testing or by calculations, 
providing the proper coefficients are available. In practice the variation to be 
expected in the construction of walls will give a much wider range of difference 
between calculated results and actual results than has been shown by these tests. 
This is to be expected in any type of construction, but a large part of the vari- 
ation may be eliminated by reasonable care in construction and application of 
the insulating materials. 


DISCUSSION 


H. S. AsHeNHuRsT (Written): There is one portion of this report which 
should be given very careful consideration by the members of this Society. I 
refer to the following extract: 

When the insulation materials of walls 53B and 53D were cut off 1 in. at the 


top and bottom, allowing the air to circulate around the insulation, the test showed 
for wall 53B an increase of 33 per cent and for wall 53D an increase of 53 per cent 
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over the calculated results for the same walls with insulation sealed at the top and 
bottom. These tests indicate very definitely that the installation of insulating materials 
is a very important factor. 

For the past five years I have devoted practically all of my time to matters 
connected with insulation of homes. In this work I have had the privilege 
of examining the installation of different types of insulating materials both in 
side walls and ceilings. The lack of care used in installing these materials, in 
a great many cases (possibly for reasons of economy), is startling. In many 
ceilings examined, a very excellent insulating material has been used, having a 
low conductivity, but the examination showed that on account of the lack of 
cleats to hold the material in place, both edges of the insulation where it was 
supposed to come in contact with the joists, were turned up, leaving an air space 
of varying thickness. In other cases where the space between the joists was 
narrower than the width of the insulation, the insulating material had been put 
in in the shape of a bow, leaving large gaps at the ends for the escape of heat. 
All these faulty installations of course disregard the manufacturer’s specifications, 
but nevertheless the condition exists today in many homes all over the country. 


In side wall construction the same faulty installation exists. A very excellent 
insulating material is placed at the job where the installation is to be made, but 
no instructions are given as to where or how it should be installed. The work- 
man may be a very conscientious mechanic, but it is not probable that he has 
given the proper installation of insulating materials much study. The result is 
that many cracks are left open for the escape of heat. It is very rare to find 
a case where close attention has been paid to the sealing of the spaces at the 
top and bottom of stud spaces, and as shown in this report, this alone means a 
great reduction in efficiency. The stud spaces act as flues to carry the heat 
escaping from the walls to the roof and out through the attic space into the air. 

This Society could do no greater work for the small home owner than to 
make it its business to see that when money is spent for insulation, the 
installation shall be made so as to secure maximum results. I should like to 
see a committee appointed whose purpose would be the working out of a strict 
code for the proper installation of all types of insulating materials, and the 
broadcasting in cooperation with the manufacturers of such materials, the 
necessity for such proper installation. 


C. K. Swirt (Written): It is evident that Professor Rowley has settled 
definitely the long disputed controversy as to the accuracy of calculated overall 
transmission coefficients. With correct conductivity values as a basis, and 
proper methods of calculation there should be no uncertainty about the accuracy 
of computed values. ; 

Unfortunately, however, the value of this work will be largely academic until 
such a time as we can have available more accurate data on the conductivity 
values of the numerous building materials in common use. I am particularly 
interested in, and familiar with fibrous insulating materials, and am greatly sur- 
prised to note that Professor Rowley has found conductivity values for boards 
of this class which are considerably different from the generally accepted values. 


Another thing that impresses me in dealing with transmission coefficients is 
the uncertainty of the third decimal place. Individual conductivity values are 
never determined with precision to the third place, and when the uncertainty of 
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the necessary assumptions with regard to mean temperatures is considered, the 
absurdity of expressing results in this way must be apparent to all. I think it 
is high time for the engineer to follow the lead of the physicist and express his 
results in significant figures only. 

The magnitude of the error due to air infiltration as shown between walls 
53A and 53B is surprising. I take it that in this case only a very moderate air 
velocity was used. If an error of 14.7 per cent was found with an air velocity 
of the order of 0.6 mph the error with a 15-mph wind would indeed be serious. 

F. C. Houcuten: This paper fills a very important gap in our understanding 
of heat transmission through building construction. With the many types of 
building materials on the market and the possibilities of arranging them in dif- 
ferent order, we have an almost infinite number of types of construction, and 
it is impossible practically to determine the overall coefficient for all of them. 
The heat transmission engineer has developed formulae for determining the 
over-all coefficients, provided the surface coefficients, air spaces, and conduc- 
tivities of materials, are known. I think the heat transmission engineer has 
had sufficient confidence in the application of the formula, but sometimes the 
heating industry has lacked confidence in its application. Lack of confidence 
in engineering data is about as serious as erroneous data. 

The data contained in this paper tend to clear up that lack of confidence in 
the application of the formulae for calculating over-all coefficients from the con- 
ductivities and surface transmission coefficients. 

A. P. Kratz: I think one of the most important points Professor Rowley 
has brought out in his paper is the large deviation that can occur when the walls 
are improperly constructed. It simply points to the fact that the engineer’s cal- 
culations can be brought almost to naught by improper construction, and more 
attention has to be paid to both proper construction and proper supervision in 
the construction. Also, finally, something will have to be done in order to evalu- 
ate the walls as they are actually installed. Some of the work we have done 
in the past winter has indicated that possibly the inside surface temperature 
may be used as a criterion for evaluating them. 

We find that our inside surface temperature is not materially affected by 
wind conditions, but it is affected largely by the difference in temperature be- 
tween the indoors and outdoors, and for quite a wide range of wind conditions 
we get very smooth curves for both the inside and outside surface temperatures. 
This leads us to hope that it is possible that this means may be used for evalu- 
ating the walls as they are actually installed; by getting a comparison of the 
actual, measured, inside surface temperature with the calculated surface tem- 
peratures that should maintain for the given difference in temperature for the 
wall as computed for the wall properly installed. 

F. B. Rowtey: The differences in conductivity values noted by C. K. Swift 
are due to the fact that some of these materials were used in the walls at lower 
mean temperatures than those at which hot plate tests are usually made. His 
remarks about reporting results to the third decimal place do not apply to a 
research project, the prime object of which is to determine the accuracy of a 
particular method of procedure. 

Professor Kratz’s method of checking the conductivity of walls by means of 
the surface coefficients should prove very useful. 
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HEAT AND AIR VOLUME OUTPUT OF UNIT 
HEATERS : 


By L. S. O’Bannon,’ Lexincton, Ky. 
MEMBER 


for the purpose of supplying information to the AMERICAN SOCIETY OF 

HEATING AND VENTILATING ENGINEERS’ Committee on Standard Code 
for Testing and Rating Steam Unit Heaters. The work is the result of a co- 
operative agreement between the University of Kentucky and the Research 
Laboratory of the Society. 

The tests were supervised by the author of this paper in co-operation with 
his assistants and the Director of the Research Laboratory. A full measure of 
credit is due the men who constituted the crew of testers and who performed 
well all the duties of their office. These men were R. W. Bozeman, J. C. Lind- 
ley, L. L. Massie, J. W. May and E. D. Moore, all of whom were members of 
the 1929 graduating class of the University of Kentucky. 

In testing unit heaters the information usually desired is heat output, air 
volume output and final air temperature for several fan speeds and for various 
degrees of entering air temperature. 

There is only one generally approved method of measuring heat output. 
This method consists of operating the unit for a short period of time, usually 
about one hour, and measuring the quantity of steam condensed; the pounds 
of steam condensed per hour multiplied by the heat given up per pound of 
steam gives the heat output of the unit in Btu per hour. 

There are two methods in common use for measuring the air volume output. 
One consists of measuring the air directly by means of some type of flow 
meter, usually the Pitot tube. The other is called the condensate-temperature 
rise method. The latter is based on the assumption that the heat absorbed by 
the air is equal to the heat given up by the steam. The fundamental formula 
for this method is 


"T ice paper describes a series of sixteen tests made on three unit heaters 


W. (H—q) = W.C (Tr—Tz) 
Where W.=weight of condensed steam in pounds per hour 
H=total heat content of steam entering the heater, Btu per Ib 
q=heat in the condensate leaving the heater, Btu per Ib 


~~ & Professor of Heat Ragasering,, LS mange a of Kentucky, Lexington, Ky. 
Presented at the Semi-Annual Meeting of the American Society oF HEeaTiInNG AND VEN- 
tTitaTinGc Enoringers, Lake-of-Bays, Ontario, Canada, June, 1929. 
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W,=weight of air passing through the heater in pounds per hour 
C=specific heat of air in Btu per lb per F (usually assumed as 
approximately 0.24) 
Ty=final temperature of the air leaving the heater, F 
Ty—temperature of air entering the heater, F 


The volume of the air for any unit of time and for any specified pressure and 





Fic. 2—View or Unit HEATER AND MIXING CHAMBER 


temperature is calculated from the weight of the air, W,, which is obtained from 
the formula after substituting numerically the other values derived from the 
tests. 


W, is obtained directly by weighing the condensed steam. By referring to 
steam tables, H is obtained from the steam temperature and pressure observed 
during the test, and likewise, g is obtained from the temperature of the con- 
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densate. These values are easily and accurately obtained by ordinary methods. 
Tx is the average of the readings of several thermometers or thermocouples ar- 
ranged around the inlet to the heater. As a rule no difficulty is encountered 
in measuring the entering air temperature. The principal precaution required 
is to shield the thermometers from the direct radiation from the heater. Ty is 
more difficult to determine accurately due to the non-uniform temperature and 
velocity of the warm air usually encountered at the outlet or outlets of the unit. 
To eliminate temperature indications which do not represent a true average a 
large duct is provided into which the unit heater discharges. The enlarged 
duct serves as a mixing chamber and as a collecting chamber also in the case 


7 Se buge ee 

















bos B 
heey 5 ge ne 


. mon 
= 
7 OF . 


Fic. 3.—View SHowinc Pitot Tuse AssEMBLY, PoTENTIOMETER EQUIPMENT 
AND EQua.izinc Fan 


of a unit with multiple outlets. The air leaves the mixing chamber through a 
single opening of restricted area at which point the final temperature of the 
air is measured. The mixing chamber and unit heater are insulated to prevent 
excessive loss of heat and consequent lowering of the final air temperature. 

To overcome the resistance of the mixing chamber an auxiliary fan is re- 
quired. The fan is connected to the outlet of the mixing chamber and the air 
flow is regulated by means of a damper so that a static pressure of zero is main- 
tained within the mixing chamber. With this arrangement it is supposed that 
the unit is operating under the same conditions of free delivery as would obtain 
if no duct work were attached to the unit heater outlet. 

With the Pitot tube method of finding air volumes it is still desirable to know 
the final air temperature. The same scheme of discharging into a mixing cham- 
ber is used and the Pitot tube measurements are made in the duct between the 
mixing chamber and the equalizing fan. 

Fig. 1 shows a diagram of a floor type of unit heater with test equipment 
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arranged to conform to the methods of testing just outlined. The diagram 
illustrates the set-up used in this investigation. Several photographic views 
are shown in Figs. 2-5. 


In a code for testing it is desirable to have a single method of procedure. 
Where two methods are equally in favor the question naturally arises as to 
which is the more accurate. Not having a third method of absolute accuracy it 





Fic. 4.—Rear View or Unit HEATER AND Mix1nc CHAMBER 


is impossible to conclude directly from experiment as to the accuracy of the 
two methods in question. However, the two methods may be compared one 
with the other; advantages and disadvantages of each weighed, and the prob- 
able errors evaluated. 

This investigation was undertaken from the latter standpoint. Nothing 
unusual or ultra-precise was attempted. Reasonable effort was made to elim- 
inate sources of error and a few obvious corrections were estimated and applied. 
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The arrangement of the set-up was planned and the application of instruments 
was executed with no greater elaboration of detail than ordinarily would have 
been observed in any test of similar nature. 

The results of the tests have been summarized in Table 1. It will be neces- 
sary to explain some of the items of this summary in detail, following the order 





Fic. 5.—View SHow1nGc CEminc Tyre or Unit Mountep For TEst 


in which they are listed, and keeping in mind the chief purpose of the investi- 
gation, that is, a comparison of the Pitot tube method with the condensate-tem- 
perature rise method of measuring air volume output. Tests numbered 1 to 6 
inclusive were all made on the same unit heater which was of the draw-through 
type with centrifugal fan. Test numbers 11 to 16 inclusive were made on 
another unit of the same type but of different manufacture. Each of these units 
had two outlets. Tests numbers 7 to 10 inclusive were made on a blow-through 
heater with disc fan and a single outlet. 
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The duration of each test was more or less arbitrary. When five or six read- 
ings at 10 minute intervals gave repeatedly practically the same values nothing 
was to be gained by continuing the tests for a longer period. 

A constant steam pressure was maintained to give a saturation temperature 
of 227 F, which corresponds to 5 lb gage pressure at standard barometric pres- 
sure. The steam was supplied from a high pressure boiler and was reduced to 
the required pressure through a throttle valve operated manually. The steam 
was maintained at a few degrees superheat to eliminate possible error due to 
moisture in the steam. During some of the tests it was necessary to inject a 
slight spray of water into the steam to limit the degree of superheat. 

At the outlet of the heater the drawing, Fig. 1, shows a vertical pipe with a Y 
fitting and a water gage. The condensate thermometer was placed in a well 
screwed into the Y. The level of the condensate was held a few inches above 
the thermometer bulb. A stem correction was applied to this thermometer. To 
insure elimination of air a vent valve was attached to the outlet of the heater and 
a thread of steam was allowed to flow through the valve continually. The heat 
given up per pound of steam was calculated as the difference between the heat 
content of the steam at inlet conditions minus the heat of the liquid at the tem- 
perature indicated by the condensate thermometer. 

The condensate was weighed on platform scales capable of being read to 4 
of a pound. 

Both thermometers and thermocouples were used to measure entering and 
final air temperatures. Six thermometers, and six thermocouples connected in 
parallel, were arranged around the inlet to the heater. Four thermometers, and 
four thermocouples in parallel, were used at the outlet of the mixing chamber. 
No correction of any kind was applied to the inlet temperature readings. The 
inlet thermometers and thermocouples were shielded from the heater but they 
were not shielded from surfaces in the room (the floor for instance) which 
may have been at a lower temperature than the entering air. 

The final air temperatures, by thermometers, recorded in the summary in- 
clude a correction for emergent stem and also a positive correction for heat 
loss by conduction through the insulation on the mixing chamber and the unit 
heater casing. The emergent stem correction in every test was approximately 
0.2 F and was positive in sign. «Variations from this value for individual tests 
were in hundredths of a degree only. The correction for heat losses amounted 
to from 0.5 F to 2.5 F, depending upon the final temperature of the air. The 
correction was estimated by merely calculating the transmission loss through 
the insulation using the temperature rise of the air as the temperature difference 
and neglecting the influence of air velocity on the inside of the heater and mix- 
ing chamber. This correction was also applied to the final air temperatures 
obtained from the thermocouple readings. 

The mean specific heat of the air was calculated from the following formulae 

For dry air, 
C, = 0.24112 + 0.000009 ¢ 
For water vapor, 
C, = 0.4423 + 0.00018 t 
The specific heat values obtained from a combination of these formulae take 
into consideration not only the moisture content of the air but also the varia- 
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tion of specific heat with temperature. No psychrometer readings were taken 
during the first six tests and the air was assumed to be dry. 

The weight of the air, items 31 and 32, was calculated from the fundamental 
formula for the condensate-temperature rise method already explained. 

The Pitot tube was used according to standard practice. The duct was 
divided into five areas requiring 20 readings to complete a traverse. Only one 
traverse was made during a test. Two Pitot tubes were used, one for the hori- 
zontal traverse and one for the vertical traverse. Inclined tube draft gages 
were used for measuring pressures. The gages were checked for accuracy 
by a comparison with a sensitive manometer patterned in principle after a micro- 
manometer described by John L. Hodgson in the April, 192%, issue of Instru- 








Fic. 6.—MANOMETER USsep For CALIBRATING Drart GAGES 


ments. The manometer is shown in Fig. 6. The design of the manometer is 
such that the pressure readings are proportional to the vertical displacement of 
a plunger in a chamber of oil. Table 2 gives calibration data for the draft gage 
used for measuring velocity pressures. . 

To convert Pitot tube readings into air velocities the density of the air at the 
Pitot tube must be known. This means that the temperature of the air must 
be known. Temperature readings were made simultaneously with Pitot tube 
readings by means of a thermocouple fastened to the side of the Pitot tube. The 
average temperature thus obtained was used in computing the air densities. 
Excepting tests numbers 1 to 6 the vapor content of the air was also considered. 
In Fig. 7 are typical curves showing how the temperature and velocity pres- 
sure varied across the duct. 

The air volume output by both methods has been reduced to a standard 
density of 0.0749 Ib per cu ft. This density corresponds to dry air at 70 F and 
29.92 in. heating pressure, 
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Assuming the Pitot tube method as a standard, percentages have been 
calculated showing the amount the condensate method is high or low. 
Glancing at these figures it is quite apparent that the two methods agree 
fairly well. In fact the agreement is so close that the writer finds himself 
in the paradoxical situation of having to explain a fact which from a rational 
viewpoint is axiomatic and yet so contrary to the experience of a majority 
as to be seriously questioned. The writer is referring to the almost universal 
conception that volumes obtained by the Pitot tube method are consistently 
much higher than volumes obtained indirectly by means of the condensate 
method. The thought is sometimes expressed by saying that the results by 
the condensate method are conservative. 

If an immediate conclusion of practical value is to be drawn it is sufficient 
to say that these tests show that for any engineering purpose the difference be- 


TABLE 2.—CALIBRATION DATA FOR THE Drart GAGE USED FoR MEASURING VELOCITY 
Pressure IN Unit Heater TEsts 








Ellison Gage Standard Gage 
Reading Reading 
Inches of Water Inches of Water Error 

0.130 0.1314 —0.0014 
0.146 0.1458 +0.0002 
0.183 0.1810 -+-0.0020 
0.186 0.1866 —0.0006 
0.198 0.2000 —0.0020 
0.224 0.2210 +0.0030 
0.349 0.3522 —0.0032 
0.408 0.4066 +0.0014 
0.471 0.4737 —0.0027 
0.507 0.5081 —0.0011 
0.554 0.5527 +0.0013 











tween the air volume outputs obtained by the two methods is negligible. 
This statement, however, does not tacitly condone slipshod practices. 

Returning to the percentages of error, the average amount by which the 
condensate method was low, using thermometers, was 1.3 per cent; using 
thermocouples, 0.11 per cent. The percentages range from — 2.00 per cent 
to +2.99 per cent, using thermometers; and from — 3.20 per cent to + 2.31 
per cent, using thermocouples. The larger negative values were obtained at 
low air velocities and the higher positive errors were obtained at the higher 
velocities. At first thought this would seem to indicate a systematic error in 
using the Pitot tube, especially in measuring velocity pressures, since the possi- 
bility for error becomes greater at low velocities. On the other hand, the final 
air temperatures increase as the air velocity decreases. It is quite probable that 
the temperature readings are in error for the same reason that one may suspect 
error in the Pitot tube. This is especially true with respect to the corrections 
which were added to final temperatures, since as was previously pointed out, 
these corrections were estimated on the basis of still air conditions on both 
sides of the insulation. 

The variation of the percentage differences with respect to air velocity would 
have disappeared if the corrections applied to final temperatures had been a little 
greater at the low velocities and a little less at the high velocities. 
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There are many factors involved. For instance, it is stated in paragraph 83, 
Appendix 1, of the Cope or MintIMuM REQUIREMENTS FOR THE HEATING AND 
VENTILATION OF BuILDINGs, that the specific heat of air “varies from 0.2375 
to 0.2430 as determined by various investigators.” These two values differ by 
approximately 2.3 per cent, which is more than enough to materially change 
the character of the results of the tests under consideration. 

In regard to the measurement of air temperatures, thermocouples are to be 
preferred to thermometers on account of thermocouples being less influenced 
by radiation and air velocity effects, and also on account of their being adapt- 
able to unusual circumstances. 


The Pitot tube method has been considered the standard for determining air 





Fic. 7—Curves SHOWING VARIATION OF TEMPERATURE AND VELOCITY 
Pressures Across Duct 


volumes. The Pitot tube is fundamentally accurate in theory and when properly 
designed it has proved accurate in practice. It would seem logical, therefore, 
to include the use of this instrument in a code for testing unit heaters. But 
since the testing of unit heaters includes other observations from which it is 
possible to calculate the dir volume output with sufficient accuracy, it seems 
unnecessary and superfluous to include the pitot tube or any other flow meter 
device such as the orifice or venturi tube. 


The condensate method requires fewer instruments, less labor in testing and 
in making calculations, and a smaller amount of floor space for the set-up. 


DISCUSSION 


Pror. A. P. Kratz: We had occasion to test a unit heater, and we made a 
traverse with a thermocouple on a Pitot tube in a similar way to Mr. O’Ban- 
non’s work here, except that we used the full face of the heater and divided it 
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up into squares. When we used the average square root of the head and the 
average temperature rise calculated from the thermocouple readings in each in- 
dividual square, we found that we had more heat put into the air than was 
given up by the steam, and finally we had to divide the face into more squares. 
After using about 32 squares, we tried the method of regarding each square as 
a unit and calculating the heat that was passed through that unit from the in- 
dividual thermocouple reading and the individual velocity head at the center of 
that square, and then summed up all the heats of the individual squares to obtain 
the total heat. I would like to ask whether Professor O’Bannon tried that 
scheme, and if he did, whether it modified his results, whether it made them 
worse or better. We found in our case that we got much better correlation. 
The correlation, of course, would depend on how uniform the temperature was, 
and how uniform the velocity distribution was. The better the temperature dis- 
tribution, and the better the velocity distribution, the more nearly would the 
summation equal the results as calculated from the average square roots of the 
heads and average temperatures. - 

The second point—we have had occasion to measure the pressure loss through 
our warm air furnace systems. We found that in order to do so we had to 
use the Wahlen gage. Our total pressure losses through the warm air furnace 
system were in the order of thousandths of an inch of water rather than hun- 
dredths of an inch of water. I think the maximum change from the total 
capacity of the furnace down to practically no capacity was a little greater than 
0.01 in. of water. I would like to ask Professor O’Bannon whether he had any 
trouble maintaining a pressure near enough atmospheric so that it did not affect 
the flow. A very small difference in pressure there would affect the gravity 
head. That is one of the points that I see that I think Professor O’Bannon 
will have to be very careful of. 

D. E. Frencx: I would like to answer Professor O’Bannon’s direct question 
about the agreement between the measurement of air quantity, on unit heater 
test, between the Pitot tube method and that of condensation temperature rise. 
I believe there is no rational basis for assuming that there should be any dis- 
agreement. I think it is rather complimentary to the accuracy of the method 
that Professor O’Bannon has used and of the observation and of the correc- 
tions not ordinarily made, that he should get that agreement. I think the fact 
that previous observers have been unable to get an agreement so close, has been 
due entirely to their use of the instruments involved and to their failure to 
make corrections which must be estimated under difficulty without very elabo- 
rate test set-up and instruments. 

H. S. WuHetver: I would like to ask whether Professor O’Bannon has in his 
investigation formed any conclusion as to whether or not accurate tests could be 
made by any method other than the plenum chamber method that he has used. 
There seems to be some opinion that heaters can be tested accurately by other 
means and it is possible that Professor O’Bannon’s work may have indicated 
something in that direction. 

Homer R. Linn: I am not interested in unit heaters, but a few weeks ago 
I was called in as an arbitrator on a heating matter. I found that their main 
point of discussion was unit heaters. They had a unit heater installed very 
similar to the one in Fig. 5, discharging the air between 1500 and 1800 ft 
velocity. Their complaint was that they were condensing too much steam with 
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cold flow. They could not keep the workmen in this garage. The man had 
another garage which was similar in construction to this one, larger, and when 
I figured the heat loss of both buildings, it had a greater heat loss but was 
condensing less steam. It had a unit heater—I do not see one like it in here— 
it was set on the floor, about 18 in. off the floor, taking the air from the bottom 
of the heater and discharging that at a velocity of about 550 ft per minute, 
condensing much less steam than the one of high velocity. 

I wish in their code or in these tests they would in some way or other tell us 
how we could test those two, other than putting them in a plenum chamber, 
which does not mean anything to the fellow who is paying for the coal. 

L. A. Harpinc: I think the principal differences in test results are the items 
mentioned by Professor Kratz. The difference lies there. Any difference beyond 
that point is perhaps due to errors in the steam tables or the specific heat of air 
assumed. There should, of course, be no difference between the two methods if 
we assume the steam tables are correct and specific heat of air employed is 
correct. 

W. A. Rowe: It might be well to acquaint the Society with one or two points 
with reference to this code that would perhaps cast some light on it, that has to 
do with the history to this date. This committee is composed of men who are, 
on one hand, in the fan business, accustomed to testing air, and other manu- 
facturers who are in the heater business alone. In the early stages of the 
meeting of the committee there seemed to be a clearage between the method of 
determining the air capacity ; those who had been testing fans rather preferring 
a method of measuring the air direct, and those not in that business, but in the 
heater business, preferring to calculate the air capacity by measuring the tem- 
perature rise. They were both agreed as to the proper method of getting the 
Btu rating from a condensation test, and about the one point which seemed to 
prevent the adoption of the more simple method of getting the volume of air 
from the temperature rise, was that there was a prevailing opinion among the 
best engineers we could find that any calculated volume of air on a temperature 
rise basis would show less air than on the Pitot tube test, for the reason that the 
temperature rise as read on the thermometer would be affected by radiant heat 
and would have to be reduced before you calculate your volume. The consensus 
of opinion from those who had tested heaters was that that might be as much as 
3 or 4 per cent. It seemed unwise to incorporate in a code a method for which 
there did not seem to be a rational basis for saying that there should be such a 
difference, or secondly, to incorporate in a code an arbitrary percentage for 
which you had no backing. Therefore, we asked the Research Laboratory in con- 
junction with the University of Kentucky, who did the work under Professor 
O’Bannon, to tell us whether there should be any difference, and secondly, if 
there was, how much. 

I think it has been quite clearly indicated from the tests they have already 
made, that you are perfectly safe for all practical reasons in using whichever 
method is more convenient. There should be close agreement. We are in- 
debted to them, I think, a great deal for that. With that background then of 
these tests, we are perfectly justified in drawing up a code which will represent 
the easiest, most practical means which will give that degree of accuracy. 
The committee adopted the temperature rise method to calculate the air volume, 
feeling that that was the easiest way to do it. 
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There were just one or two points, however, that I think prevented a definite 
recommendation to adopt this code at this time, and that is this. While all the 
testimony that has been presented to date shows the consistency of results 
achieved through the collecting chamber set-up, it has not been proved that those 
results are consistently correct or incorrect as compared to the performance 
when the heater is disconnected from the chamber and operated on the floor. 
In other words, the heater behaves in a certain way on the floor, but if you put 
it on a collecting chamber that chamber may effect the volume of air passing 
through it. In order to make certain that with the chamber set-up and with a 
zero static on the chamber there was no disadvantageous effect on the perform- 
ance of the unit, it was determined to use a floor test on. the unit for condensa- 
tion. Then connect it to the chamber and run the chamber test as shown in 
this code at zero static, and check the condensation thus obtained. When they 
were brought into agreement it was reasonable to expect that the device for 
measuring the temperature had no effect on the heater capacity. 


Bear in mind that we are trying with that chamber so far to get an accurate 
temperature reading. To do that we collect the air and measure it at a reason- 
ably high velocity after it is collected and mixed, and these results have proved 
undoubtedly that you can make readings that way and actually get the correct 
temperature rise agreeing with the Pitot tube air volume determination for 
that condition of test. It seemed, however, that it might be possible to obtain a 
temperature rise equalJy satisfactorily without all that set-up, and from now cn 
until the next meeting we have an opportunity for the members of the group to 
make their floor test and chamber test afterwards for determination of the 
temperature rise. If it is found that with the floor tests and possibly some 
other simpler means, thermocouples or resistance wires, etc., they can get 
substantially the same temperature readings on a floor test as they do with 
this chamber, it would be possible to still further simplify this practice by doing 
away with the chamber set-up. 


That covers some of the points that I thought might be put into the picture to 
give a little better understanding of what we have tried to accomplish and the 
situation of the testing practice in this code to date. 


Pror. L. S. O’BANNon: I made my original presentation as short as possible 
with the anticipation that what was lacking in it would come out in the dis- 
cussion, and Mr. Rowe and Mr. French have supplemented my remarks very 
well. Professor Kratz’ remarks really hit at the heart of this investigation so 
far as the tests are concerned. He was getting down to the details of measuring 
heat and temperatures. The only method we used for measuring the tempera- 
tures, was simply by means of stationary thermometers or thermocouples at the 
outlet of the mixing chamber, and that was for the purpose of getting the final 
temperature leaving the heater, and then we had thermocouples on the Pitot tubes 
and temperature reading taken at the same time as the traverse was made for the 
purpose of getting the temperature of the air at the Pitot tube. Now, the 
manometers we used were ordinary inclined tube draft gages, and the pressures 
we were reading were in the order of hundredths of an inch of water rather 
than thousandths of an inch, and we presume that the gages we used were 
accurate enough. 

Mr. Harding mentioned variations which might affect the results, such as 
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variations of specific heat and values of properties of steam—you will notice in 
the table of results we have percentage variations as far as 3 per cent on one 
side through zero to minus 3 per cent on the other side, and I consider that 
those errors represent experimental errors which it was impossible to eliminate 
and also take care of recognized values and specific heat and properties of steam, 
etc. That kind of error I was not especially interested in when I put the ques- 
tion with regard to the difference between the Pitot tube and condensate- 
temperature-rise method. It is the general impression I have gotten in dis- 
cussing this with various people that there seemed to be some fundamental 
difference between Pitot tube results and condensate-temperature-rise results, 
which would lead you to expect that you could never have a set-up that would 
make the two agree, in spite of the fact that we would consider elementary errors 
of experimental work, and variations of specific heat, properties of air and steam, 
which have been mentioned. The whole secret of this set-up, as far as accuracy 
is concerned, is the thorough insulation of the mixing chamber in the duct where 
you are taking these temperatures. With thorough insulation of this chamber 
you get very slight variation of temperature across the duct, so that the numerous 
temperature readings mentioned by Professor Kratz are not necessary, because 
the temperatures are fairly uniform. 


Mr. Rowe has explained the reason for this mixing chamber. As far as this 
comparison of Pitot tube method and condensate method is concerned, the results 
are not affected by the characteristics of this mixing chamber with regard to 
whether or not the heater is reproducing its present delivery when it discharges 
into the mixing chamber. 

So far as I know, no other method has been proposed which could be used as 
a general method for testing all types of heaters. Every method I know of 
uses some kind of a chamber on either the discharge side or the inlet side, 
usually the discharge side for measuring this final temperature. If final tem- 
perature is not important, you can merely set up a duct for measuring air 
velocities, providing some means for reproducing free delivery of the heater. 
But this entire practice, as far as I know, hinges around the use of this mixing 
chamber. 

The quesiton as to whether this mixing chamber reproduces present delivery 
conditions to the heater, is a question which certainly needs investigation, but 
that was not considered as a vital point in this investigation. 


Mr. Frencu: It just occurs to me that the gentleman who referred to field 
testing of unit heaters was not answered. I would just like to say that the Code 
Committee, in its deliberations so far, has considered first, as being of the 
greater importance, the accurate laboratory methods by which manufacturers 
could test and rate unit heaters, but which of necessity require laboratory 
methods and laboratory set-ups. The Code Committee has been asked to pro- 
vide a code for the field testing of unit heaters. That is the next labor of the 
Code Committee. Of necessity a field test cannot be surrounded with the in- 
struments and devices that are possible in a laboratory. The same degree of 
accuracy cannot be obtained, but a code will be drafted for field tests, and a 
corresponding tolerance will be set for the results expected with the less 
elaborate equipment adapted for that use. 
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ERRORS IN THE MEASUREMENT OF THE 
TEMPERATURE OF FLUE GASES’ 


By P. Nicuotis* (Member) anp W. E. Rice*® (Non-Member), PittspurcH, Pa. 


operation in all tests of boilers, and it is important that the measure- 

ments should be accurate. Errors may arise from a number of causes 
which can be broadly divided into: (1) Errors due to inaccuracies of the 
thermometer or instruments used with it, (2) errors due to the failure of the 
thermometer to indicate the true temperature of the gas stream in contact with 
it, and (3) errors due to the fact that the temperature as measured may not 
represent the true average of the whole gas stream. 

Errors due to inaccuracies of the temperature measuring instruments used will 
not be discussed. It is common practice, and it is also most convenient, to use 
thermocouples in conjunction with a millivoltmeter or a potentiometer—the 
latter by preference. With reasonably cheap instruments the error can be kept 
within plus or minus 5 deg.* Too much dependence should not be placed 
on one couple; it is advisable to have two holes in the flue pipe, one for the 
couple being used and the other for the insertion of another couple to ascertain 
whether the first has maintained its calibration. The permanent irisertion of 
two couples, connected to the instrument by a double-throw switch, is a safe 
practice, since it rarely happens that both couples go bad at the same time. 

The object of this paper is to discuss the second source of errors—namely, 
those due to the failure of the couple to register the true temperature of the gas 
stream in contact with it. Statements were made during the January, 1927, 
meeting of the Society, at conferences and in the discussions of the Codes for 
the Testing and Rating of Low Pressure Boilers, that the flue gas temperature 
measured in the way required by the Code for Testing might differ as much 
as 200 to 250 deg from the true temperature of the gas because of the exposure 
of the thermocouple to surfaces at temperatures different to those of the gas. 
The committee which prepared those codes had recognized that there would be 
some error due to this cause and had pointed this out in an earlier report; and, 


"To determination of the temperature of the flue gas is an essential 
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furthermore, they had suggested that the instructions for testing were rigid 
enough to insure that the error would be approximately the same for boilers of 
the same output. 

Fig. 1 will be used to illustrate the principles underlying the measurement of 
temperature by an exposed thermocouple. A couple in the center of the flue at 
A will take heat from the gases flowing by because of its contact with them; 
but, because it is exposed to the metal of the boiler through the spherical angle 
or cone aAd, it will radiate heat to these colder surfaces. The surfaces of the 
flue pipe will also be at a lower temperature than the gases, although this 
difference will be reduced by the insulation of the flue; the couple will, therefore, 
be radiating heat to the flue also. As the couple is gaining heat by conduction 
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Fic. 1—Dr1acramMMatic Cross SECTION oF SMOKE Hoop AND FLUE PIPE oF 
A HEATING BOILER 


from the gases and losing it by radiation to the cooler surfaces, it will take a 
temperature somewhere between those of the gas and those of the surfaces. 

A couple at B is subjected to the same conditions except that the gases, in 
passing from A to B, will have lost some heat by conduction through the in- 
sulation. Its exposure to the boiler’s surface is represented by spherical angle 
bBb', which is smaller than that for the couple at A, and consequently its loss 
of heat by radiation to the boiler surfaces will be less than that of A, although 
this decrease is counteracted somewhat by a large exposure to the surface of 
the flue. 

The temperature registered by either couple will, therefore, be lower than the 
true temperature of the gas; with a well-insulated pipe, unless its diameter is 
very small, one would expect the temperature of B to be greater than that of A, 
and that B would more nearly indicate the true temperature of the gas. 

It will be noted that the relative loss of heat by radiation of couples at A and B 
is independent of the diameter of the flue provided the distances of A and B 
from the end of the pipe are the same proportions of the pipe diameter, 44D and 
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3D in the figure. The relative temperatures registered by A and B will there- 
fore also be independent of the diameter of the pipe except for the effect on the 
gas temperature of the loss of heat through the insulation; the proportionate 
amount of heat lost this way for a fixed velocity of gas in the flue will increase 
with decrease in pipe diameter; that is, the gases will have a larger drop in 
temperature as they travel along the flue as its diameter decreases. This loss of 
heat can be computed with fair accuracy and it is therefore not necessary to 
experiment with a range of boiler sizes and pipe diameters; safe deductions on 
the relation between the observed and the true temperature might be made 
by tests on a few sizes. 

There is, however, one factor which will cause a thermocouple in the center 
of a large-diameter flue to depart less from the true temperature of the gas in 
contact with it than one in a small flue: Heat radiations pass through air 
without being absorbed, but carbon dioxide and water vapor have an appreciable 
absorptive power, so that they will shield the couple; this shielding will increase 
with the thickness of the layer of gas—that is, with the radius of the flue. 

Tests were made on four existing set-ups of boilers. No attempt was made 
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Fic. 2—SHIeELDED THERMOCOUPLE 


to obtain scientific data to connect the results of the tests with computations; 
the work was confined to measurements under conditions conforming to boiler 
test practice. Several thermocouples were placed along the flue, their junctions 
in all cases being on its center line; an additional couple was peened into the 
metal of the flue to register its temperature. The thermocouples were all of 
No. 22 gage (0.0253 in.) and were calibrated before the tests. 

The true temperature of the gas was measured at one place by what is usually 
termed the velocity method. Fig. 2 shows the device used; its principle consists 
in the shielding of the couple and the drawing of the gases over it at such a 
high velocity that the loss of heat by radiation is small compared with the gain 
by conduction from the fast-moving gas; in addition the couple is shielded from 
direct radiation to the cold surfaces by the silica tube which, further to reduce 
radiation, had a bright platinum foil wrapped around it. The radiation coefficient 
of the platinum to iron surface would be about 0.06 as compared with silica to 
iron surface of 15 times as much. The junction of the couples and a length of 
wire from it were kept central and free from contact with the silica tube by 
forming a spiral of the wires as shown in the figure. Porcelain supports in the 
silica tube would be more convenient. 

Fig. 3 shows the first set-up tested; it consisted of a 5-in.-diameter vertical 
flue pipe attached to a vertical sectional boiler. The positions of the exposed 
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couples are indicated by the numbers. The shielded velocity couple is designated 
as Vc, and the surface couple as Sc. Observations were made at rates of burn- 
ing giving flue gas temperatures of approximately 400, 700, 800, 900 and 1,000 
deg. One of the couples was attached to a recording potentiometer so that 
the temperature of the flue gas could be followed; when the temperature had 
remained constant at a desired value for at least 10 min, several series of 
readings of the couples were taken and the values for each couple were averaged 
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Fic. 3—Set Up wit 5-1n. VertIcaL FLUE 


in order to eliminate errors due to small changes in the temperature of the gases 
while the readings were being taken. 

Table 1 shows the summarized results. The first column designates the series 
of tests by the approximate flue-gas temperature. The temperatures registered 
by the exposed couples 1 to 5 show that in all tests, that of couple 1 was the 
highest in spite of the fact that it had the most exposure to the cold surface 
of the boiler; also, in all tests the temperature falls as the distance from the 
boiler increases. This fall in temperature registered by the exposed couples is 
greater that can be accounted for by the cooling of the gases because of loss of 
heat to the surface of the flue; for the 800 deg test, the difference between the 
temperatures of couples 1 and 5 was 21 F; the computed drop in temperature 
due to loss of heat through the insulation is 9 F. It is probable that this lack 
of agreement is partly due to the center of the gas column as it enters the flue 
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TABLE 1.—COMPARISON OF TEMPERATURES, F, MEASURED By Exposep AND SHIELDED 
THERMOCOUPLES IN SET-UP SHOWN IN Fic. 3. 




















Aporenimate Exposed Thermocouples shaeanaeaete Metal £ peed 7 
t 
ee Ce -1. 3st £8 Sand'4 cme OO 
400 405 | 404} 397] 393] 393 400 353 5 
700 717 | 714] 710] 698 | 696 714 588 10 
800 830 | 826] 816] 819 | 809 827 713 10 
900 915 | 907] 899 |} 899] 890 909 787 10 
1000 1002 | 996] 989 | 986] 979 1000 875 } 12 




















being at a higher temperature than the gas at the circumference which has been 
in contact with the surfaces of the boiler. 

The last column shows the error in the temperatures registered by the exposed 
couple; these values are the difference between the true temperature and 
that of an exposed couple located at the same position as the shielded couple. 
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Fic. 4—Set Ur wit 10-1n. Horizontat FLue 


The error has an approximately constant value of 10 F over the range of 700 
to 1,000 F. 

Fig. 4 shows another set-up that was tested. The diameter of the flue pipe 
in the set-up of Fig. 2 was small for the boiler used, -whereas in Fig. 4 it was 
rather large. Also, the flue pipe was horizontal, had little exposure to cold 
boiler surfaces, and had a damper which, though wide open, would tend to 
disturb the flow of the gases. 

The tests were conducted in the same manner as previously and Table 2 
shows the results. 

The values show the same general relations to each other as those in Table 1 
but the error of the exposed couple is larger, being about 30 F. Some of this 


TABLE 2.—COMPARISON OF TEMPERATURES, F, MEASURED BY EXPOSED AND SHIELDED 
THERMOCOUPLES IN SET-uP SHOWN IN Fic. 4 











Shielded Approximate 
Approximate Exposed Thermocouples Thermocouple Metal rror of 
Temperature Between Surface Exposed 
1 2 3 4 5 3 and 4 Thermocouple 
400 420 | 418} 414] 408] 408 422 340 10 
700 724 | 719| 715 | 707] 706 737 608 26 
800 833 | 822] 817} 804] 803 843 705 33 
900 919 | 916} 913 | 903 | 902 938 813 30 
1000 1013 | 1010 | 1009 | 998] ... 1034 910 30 
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increase may be due to the lower velocity of the flue gas which, for similar 
temperatures, would be under two-thirds of that in the previous tests; also 
traverses of the flue diameters showed larger variations in temperature and a 
greater drop as the sides were approached, which would be expected with the 
horizontal pipe and the damper disturbing the flow. 


As a check on the tests with the 10-in. flue the position of the shielded couple 
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Fic. 5—Setr Up witn 30-1n. VERTICAL FLUE 


was changed from between couples 3 and 4 to between 4 and 5. Table 3 shows 
the results of these tests. 

The results are very similar to those of Table 2. There was an error of only 
5 F at the 400-deg temperature, as against an error of 10 F in the previous test. 
This is explained by the higher temperature of the metal pipe, the difference 
between the true temperature and the metal temperature being 35 deg in Table 3 
and 82 deg in Table 2, so that the exposed couple lost less heat by radiation and 
would consequently register a temperature nearer to the true value. 

As a further check on the values with a 10-inch diameter pipe, the set-up of 
Fig. 4 was varied by using a short horizontal flue and then a vertical leg. 
Three exposed thermocouples were placed in the vertical flue, 14, 23, and 32 
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TABLE 3.—COMPARISON OF TEMPERATURES, F, MEASURED BY EXPOSED AND SHIELDED 
THERMOCOUPLES IN SET-UP SHOWN IN Fic. 4 























. Shielded Approximate 
Approximate Exposed Thermocouples Thermocouple Metal rror of 
Temperature Between Surface 
1 3 4 5 4 and 5 Thermocouple 
400 405| 401] 398; 397] 394 400 365 5 
700 743 | 737 | 729| 718] 717 750 596 32 
1000 1001 | 998; 995] 988} 985 1020 868 34 

















TABLE 4.—COMPARISONS OF TEMPERATURES, F, MEASURED BY EXPOSED AND SHIELDED 
THERMOCOUPLES IN A 10-1N. DIAMETER VERTICAL FLUE 











_ | Shielded : Approximate 
Approximate Exposed Thermocouples Thermocouple Metal rror of 
Temperature Between Surface Exposed 
1 2 3 2 and 3 Thermocouple 
400 395 392 391 397 364 5 
700 692 690 691 706 614 16 
800 793 790 789 805 720 15 
900 902 897 895 917 807 21 
1000 990 986 990 1014 884 26 























in. from the center line of the horizontal flue, with the shielded couple 
midway between the last two. Table 4 shows the results obtained. 

The errors shown by the last column are of the same order as those with the 
horizontal flue, but somewhat smaller. It will be noted that in the 800-deg 
tests the difference between the readings of couples 1 and 3, which were 18 in. 
apart, was only 4 deg, whereas the difference was 15 deg for the same 
distance in the horizontal flue. The difference in temperature computed from 
the heat lost through the insulation is about 4% deg; this shows that the gases 
must be stratified as they leave the boiler but are well mixed by the right-angle 
bend. 

Fig. 5 shows the set-up used in the test of a 30-in. diameter vertical flue. 


TABLE 5.—COMPARISONS OF TEMPERATURES, F, MEASURED BY EXPOSED AND SHIELDED 
THERMOCOUPLES IN SET-UP SHOWN IN Fic. 5 























Exposed Shielded Approximate 
Approximate Thermocouples Thermocouple Metal rror of 
Temperature ween Surface p 
1 2 1 and 2 Thermocouple 
400 395 388 402 348 10 
500 475 470 482 406 10 
600 596 593 607 520 13 
700 712 711 725 576 16 








TABLE 6.—TEMPERATURES, F, MEASURED BY EXxPosED THERMOCOUPLES IN SET-UP 
SHOWN IN Fic. 6 





Exposed Thermocouples 








Approximate 
Temperature 1 2 3 4 
RES at ae oe Ee Pe ae 405 413 408 394 
BP hues chase Wace bac vaedseuds 706 690 686 682 
Ni ced abc enas pes kanpoenk 875 865 861 849 
SE iGid eudGs > bon ene eionbwed 941 937 931 915 
SRE anne ar ee 1033 1034 1026 1015 
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The couples had no exposure to the boiler surfaces and only two were used, 
with the shielded couple midway between them; they were located about 2% 
pipe diameters from the start of the flue. The flue was insulated one pipe 
diameter beyond the last couple. Table 5 shows the results of the test. 

The computed average drop in temperature along the flue caused by loss of 
heat through the insulation would be small, although the insulation was only 1 
in. thick; in the test at 600 deg it would be about half a degree in passing 
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from couple 1 to couple 2. The differences registered became less as the tem- 
perature increased, that is, as the velocity of the gas was greater, because there 
would be better mixing. 

The exposed couples gave temperatures 10 to 16 deg lower than the true 
gas temperatures and showed greater uniformity of difference than in the tests 
of the small-diameter flues. Traverses across the flue diameter showed that the 
temperature did not, on the average, vary more than 2 or 3 deg within 5 in. 
on each side of the center of the pipe. 

The occasion was also taken to make some measurements in the set-up which 
was available as shown in Fig. 6. The object of this was to see whether the 
couple located at position 3 would show higher values than the couple at 
position 1. Couple 1 is exposed to the cold surfaces of the boiler, whereas 
couple 3 is entirely shielded from them. No shielded couple was used in these 
tests. 
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Table 6 shows the results. At 400 deg couple 3 was higher than couple 1 
but at all other temperatures it was lower. It would, therefore, not seem to be 
of any advantage to measure the temperature in the bend. 


SUMMARY AND CONCLUSIONS 


The measurements here reported were all made with an insulated flue pipe; 
larger departures from the true temperature would have been found with an 
uninsulated pipe. 

In all the set-ups tested the temperature registered by the thermocouple 
nearest the boiler was higher than those farther away, showing that the stratifi- 
cation of the gases has more influence than has the exposure of the couples te 
the cooler surfaces. 

The temperature registered by the exposed couple in the 5-in. and 30-in. 
diameter flues departed from the true gas temperature by amounts of the 
same order—l0 to 15 deg. The differences in the 10-in. diameter horizontal 
flue were greater, but no proved explanation of this fact can be offered; that 
it was due to differences in the radiation loss is not probable because the corre- 
sponding surface temperatures of the metal in Tables 1 and 2 are approximately 
the same. The more reasonable explanation is that the stratification of the gases 
was such that the velocity couple did not draw into its tube a stream of gas 
representative of that flowing by the exposed couple. There is a possibility, 
however, that the temperatures as given by the shielded couple in the 5-in. 
diameter flue are low because the size of the pipe was too small to properly 
insert the shielded couple device. 

The tests on the 30-in. flue give the most reliable data on the departure of the 
exposed couple from the true temperature of the gas in contact with it, as the 
shielded couple had a stream of gas at constant temperature to draw from. 

Although a thermocouple in the center of the flue indicates a temperature 
lower than the true temperature of the gas in contact with it, yet this lower 
value will not differ much from the true average temperature of the gas in the 
flue because the temperature of the gas in the center of the flue is higher than 
the average over the cross section. 

The tests here reported have therefore shown that the use of an exposed 
thermocouple installed as specified by the Boiler Testing Code of the Society 
and with the flue insulated will indicate a temperature which will approach that 
of the true average temperature of the gases. The probable error should be 
within 10 deg. 

It is suggested that a standardization of the position of the thermocouple for 
test purposes should be with its junction on the center line of the flue. The best 
location would be at 4 equivalent flue diameters from the boiler because this 
would give time for the gases to mix; this might not always be convenient 
and it would be satisfactory to allow not less than 2 or more than 4 diameters. 
The size of the thermocouple wire should not be more than No. 20 B and S 
gage (0.0319 in.). 

DISCUSSION 


R. V. Frost: I would like to make one comment on this paper. We have 
heard a great deal about the inability to measure the stack temperatures ac- 
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curately, and here are the results of reading temperatures of five thermocouples 
at different points in the outlet to the boiler. It is interesting to see how 
closely these agree. The greatest error or the largest difference in any case 
does not exceed five per cent. Now, if we can read our stack temperatures 
within five per cent, we cannot call it a great error. The paper also shows 
that in taking temperatures of 1000 F, the maximum difference is a trifle over 
one per cent. The paper serves to demonstrate that there is not such a great 
error in reading stack temperatures as we sometimes think. 
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DETERMINING THE QUANTITY OF DUST IN 
AIR BY IMPINGEMENT 


The results of cooperative research work between the AMERICAN SOCIETY 
oF HEATING AND VENTILATING ENGINEERS and the University of Minnesota 


By F. B. Rowtey* (Member) anpo Joun Beat? (Non-Member) 
MINNEAPOLIS, MINN. 


tee on Air Filters has been that of determining the quantity of dust in 

the air. Many methods have been suggested and tried out, a part of 
which have been more or less successful. While several of the methods have 
some merit, it has not been a simple problem to select one which has been accep- 
table to the industry as a whole. For those methods which have been found to 
give consistent results, it has generally been necessary to employ rather delicate 
and expensive apparatus which can only be handled by trained operators. 

To be acceptable, a method should not require apparatus which is out of the 
reach of the average engineer. It should be applicable to the average air con- 
dition and should give dependable results. To fulfill the latter requirements, it 
is not necessary to have absolute results, but if the instrument does not record 
on the absolute basis, the relation of the results obtained to the absolute quanti- 
ties should be the same for like conditions of air. There are, probably, several 
methods which may be found to fulfill these requirements, but thus far none 
have been generally accepted. 

It is not necessary that all of the existing methods be approved or disapproved, 
but rather that some of the most promising ones be investigated with the idea 
of selecting at least one which may be used as a standard or as a tentative 
standard in order that results obtained by different engineers may be on a com- 
parable basis. 

The first research work conducted was with the AA dust determinator. The 
results of this work were reported in a paper entitled, A Study of Dust De- 
terminators, presented at the Society’s Semi-Annual Meeting, 1928, and pub- 


O*: of the major problems confronting the Technical Advisory Commit- 
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lished in the Transactions, Vol. 34, 1928, p. 475. These researches indicated 
that this method has promise and undoubtedly could be refined to a point where 
consistent and reliable results may be obtained. The recent studies which have 
been made and the results of which are reported in this paper relate to the 
impingement type of dust determinator. This method has some advantages, 
such as simplicity, convenience to operate, and also the possibility that the 
operator may get a better idea of the quality of dust when examined under the 
microscope. 

In general, the apparatus consists of a nozzle through which the air for test is 
drawn at high velocity by a pump. The stream of air strikes a plate which is 
usually covered with some viscous material. The dust particles striking the 
plate remain and may be examined under a microscope or by other means. 

With this type of dust counter, there are several questions which immediately 
arise: 


1, What is the limiting size of the particles which should be considered? 


2. What proportion of dust is actually taken from the air? 
* This is affected by such factors as: 
A. The distance of the nozzle from the plate. 
B. The velocity at which the air is brought against the plate. 
C. Shape and position of the nozzle. 
D. The density and size of particles of the dust. 


3. Is the proportion of dust consistent and uniform for samples of the same air 
when treated in the same manner? 


In the first part of the investigation the Hill dust counter was used, one 
model of which is illustrated in Fig. 1. This consists of a nozzle A, a glass 
plate B and a pump C. The nozzle is set at a definite distance from the plate 
and the air is drawn through it by a plunger pump. The samples of dust taken 
by this method are counted under the microscope, which in this case is an 
integral part of the instrument. The microscope furnished with the apparatus 
magnifies to 80 diameters. After some experience with the instrument, it was 
found that the operator could count with a reasonable degree of certainty the 
particles visible under the microscope. There was, however, some question as 
to the lower limit of dust particles to consider. When these same samples were 
put under a high power microscope, only a small portion of the sample could 
be observed at one time and there was also present a much greater number of 
extremely small particles which would make the process of counting impossible 
unless these particles were eliminated. There are two plausible reasons sug- 
gested why these should be eliminated: 

First. That the number of these particles is proportional to the number of 
larger particles so that a count of the most distinguishable ones furnishes a 
relatively correct count for the whole sample. 

Second. The size of these particles may be below the size which is of any 
interest in air filtration work. 

In considering these two reasons it is difficult to find a basis supporting the 
first suggestion. On the other hand, the second seems to be a necessary con- 
clusion. If the dust particles decrease in size indefinitely, there must be some 
lower limit beyond which it is impractical to go. This viewpoint might be con- 
sidered to be supported by the work of Whitlaw Gray and Speakman (Proceed- 
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ings, Royal Society, A102, 615-27, 1923), who determined the concentration, 
average size, and average mass of particles of zinc oxide suspended in air. 
They determined the number of particles by direct observation with an ultra- 
microscope, and the mass by filtering the air and weighing the filtrate on a 
micro-balance. Their results show that in a diluted cloud of zinc oxide smoke 
there are in the neighborhood of 1,000,000 particles per cu cm, or about 
3,000,000,000 particles per cu ft. The possibility of having such a high concen- 
tration of extremely minute particles seems to indicate that either these small 
particles must be disregarded in air filtration work or that the idea of separating 
the particles by impingement and counting them must be given up. 

In the preliminary tests carried out by the Hill dust counter, it was found that 
by counting only those particles which were large enough to appear under the 
microscope as a definite black point, reasonable check results could be obtained. 
The best results seemed to be given with 200 to 300 particles collected on the 
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glass. It was also found that air with low dust content gave the most consistent 
results. The results obtained by the various type of Hill dust counters will be 
discussed later in the report. 


SPECIAL EQUIPMENT 


For the purpose of studying the various factors which affect the proportion 
of dust taken out of the air by the impingement method, two special pieces of 
apparatus were constructed. The first, shown by Fig. 2, was a device which 
caused the air to be passed through three consecutive nozzles and impinge 
against three consecutive plates. The nozzles are shown by letters, A,, A,, 
and A,, and the plates, B,, B, and B,. The air from the last nozzle chamber 
discharges into a pump chamber. The second piece of apparatus is illustrated 
by Figs. 3, 4 and 5. Fig. 3 is a diagrammatic view of the apparatus which 
consists essentially of two vacuum tanks A, a water ejector B for creating a 
vacuum, a mercury manometer C and a dust sampling chamber D. The dust 
sampling chamber is shown in detail in Figs. 4 and 5: Fig. 4 being vertical, 
cross-sectional ; and Fig. 5 a lower view with the dust plate in place. Referring 
to Fig. 4, A represents an air-tight chamber which is connected to the vacuum 
line, and B is a removable top which contains three nozzles, C. These nozzles 
are closed at their upper end by a spring operated valve D and project at their 
lower ends to a predetermined distance from the glass plate E. The glass plate 
is held in position by springs F and serves as a collector for the dust samples. 
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The distance of the nozzle C from the plate E may be changed to suit the re- 
quirements. The cover B is held in place by atmospheric pressure and the 
smooth joint between A and B is sealed with vaseline. The object of the ap- 
paratus is to obtain a dust sample under conditions of uniform air velocity. 

In operation the water ejector is used to pump the air out of the tanks, A, the 
vacuum in these tanks being measured by manometer, C. Since the tanks are 
of known capacity, the amount of air in them at any time may be measured 
by the pressure in the manometer tube or by closing off the ejector and opening 
one of the valves, D, Fig. 4, the amount of air passing through the nozzle may 
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Fic. 2. Counter, WITH THREE 
Nozz_es 1N SERIES 


be determined by the change in pressure. From this process the velocity through 
nozzle may be calculated for different pressures and by adjusting the vacuum 
tanks to these predetermined pressures a dust sample may be taken at any given 
velocity through the nozzle. The volume of air for a test may be measured 
either by noting the time during which the valve is open or by calculating the 
increase of volume of air in the tanks by the manometer readings. This ap- 
paratus was used both for the single nozzle and for the nozzles in series as 
shown in Fig. 2. 


Types oF Nozz_Les 


In those tests which were conducted with three nozzles in series, two types.of 
nozzles were used: First, those with square ends; second, those with sharp edges. 
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The nozzles were all 0.05 in. in diameter and were set at various distances from 
the plate. It is evident that a long line of experiments might be conducted 
covering the size, shape and placement of the nozzle, but it is not necessary to 
know all of the details of this part of the problem in order to select satisfactory 
conditions. The size and shape of the nozzle and the velocity of air through it 
must be governed by the size of the sample required. Any combinations of 
conditions which can be readily duplicated, giving consistent samples uniformly 
distributed under the microscope, should be satisfactory. 

The results of comparative tests between the square and sharp edged nozzle 
seemed to indicate that the latter gave the best results. The sharp edged nozzle 
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was, therefore, used for the remainder of the tests. The first series of tests in 
which the three nozzles were used in series was made by drawing the air 
through with a plunger pump. The results of these tests are shown in Table 1. 
They showed that, with the nozzle set at 0.005 in. from the glass, as high as 
94 per cent of the total dust was taken out at the first impingement. When this 
same air was tested with a single nozzle, a much higher count was obtained. 
The only reasonable explanation of this seemed to be that, since the same 
pressure drop was used across the three nozzles as across the single nozzle, the 
velocity through the three nozzles was necessarily much lower and reduced the 
amount of dust collected. 


TABLE 1—TuHreE Nozzies 1n Series, Dust SAMPLES TAKEN WITH PLUNGER PuMP 























Clearance Between Maximum | Average Maximum 
No. of End of Nozzles and Average Per Cent | percentage} PerCent 
Samples Plates, Inches Dust Part.| Variation | Retain Variation 
Average Per Cu Ft from on Ist From 
1 2 3 Average | Plate | Average 
Ss 7 7 0.005 0.005 0.005 2254 15.5 83.0 14.0 
a 3 0.010 | 0.005 | 0.005 | 7059 5.0 89.6 1.6 
pesree 8 0.016 | 0.005 | 0.005 | 2700 44.4 75.7 18.0 
“Weg ” 1 0.025 | 0.005 | 0.005 | 7048 71.3 
st 
Nozzle 4 0.005 | 0.005 | 0.005 2609 8.3 88.6 5.0 
with 4 0.005 | 0.005 | 0.005 6998 3.3 94.6 6.1 
sharp 6 0.010 | 0.005 | 0.005 2048 11.0 86.8 8.5 
edged 4 0.016 | 0.005 | 0.005 1552 9.2 85.6 3.1 
exit 
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As it was impossible to change the velocity conditions with a pump method, 
the apparatus as described in Figs. 3, 4 and 5 was designed and built. In using 
the vacuum apparatus, it was desired to get both the amount of air used for a 
sample and the velocity of impingement. As stated before, velocity might be 
determined from volume and time or from the pressure across the nozzle and a 
calibration curve for the nozzle. The time required for a test is so short that 
it is difficult to take it accurately; therefore, the velocity was determined from 
the pressure. Since the resistance through the nozzle is greatly increased when 
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Fics. 4 AND 5.—VERTICAL 
Cross SECTION AND UNDER 
View or D 1n Fic. 3 


the nozzle is set close to the plate, the velocity is also greatly decreased. It 
was, therefore, necessary to make a separate calibration for each setting of the 
nozzle. 

By setting the nozzles at different clearances from the plate and changing the 
velocity at which the samples were taken, it was found that the number of 
particles of dust collected increased with the velocity of air through the nozzle 
and decreased as the clearance increased. The curves of Fig. 6 show the results 
of a series of tests made to demonstrate these characteristics. Further con- 
sideration of the results obtained shows that there is a limit to which the de- 
crease in clearance may be used for increasing the dust count. At 0.005 in. 
clearance, the resistance to the passage of air was so great that 200 fps was the 
maximum velocity obtainable at full atmospheric pressure. At greater clear- 
ances much higher velocities could be obtained and the additional amount of 
dust collected in the sample by these higher velocities more than off-set the loss 
due to the greater clearance between the nozzle and glass. This illustrates the 
reason why with three nozzles in series, 0.005 in. clearance appears to give the 
best results. The resistance of the three nozzles in series is so high that the addi- 
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tional effect of reducing the clearance is comparatively small and a reduced clear- 
ance increases the dust collected in a greater portion than it decreases the 
velocity. 


Tests WitH CoNsTANT VELOCITY 


The results of a second series of tests, in which the air was drawn through 
three consecutive nozzles with the constant velocity apparatus, are shown in 
Table 2. In these tests the velocity through the nozzles was 250 fps and the 
clearance was 1/16 in. These tests showed that 95 per cent of the total dust 
collected was retained on the first slide. The consistency of the percentage 
taken out indicates that it is not necessary to use more than one nozzle. 


TABLE 2.—THREE Nozz_Es in Series. Dust SAMPLES TAKEN AT CONSTANT VELOCITY 
oF 250 Fes. Nozzzies Ser at 1/16 In. CLEARANCE 








Test No. Slide No. Dust pa:t. me =, 
; i Collected On First Slide 
D iuenss anboebaene & ee Ist Slide over 600 
2nd Slide 15 
3rd Slide 6 
Total 621 96.5% 
ED xcckadvbasecduerdeweas Ist Slide over 1000 
2nd Slide 48 
3rd Slide 12 
Total 1060 94.5% 
D shssuwsdisaaanedaees “oe Ist Slide over 800 
2nd Slide 24 
3rd Slide 3 
Total §27 96.8% 











TABLE 3.—NUMBER oF LARGE ParticLes oF Dust DeposiTep AT VARIOUS VELOCITIES 











‘ ‘ No. of Particles 7 . No. of Particles 
reenty of La Above 13 Jalerons recity an Above 15, Missense 
200 49 400 52 
220 42 430 60 
270 48 450 51 
330 49 460 47 

390 49 











The influence of velocity on the number of particles collected was next more 
carefully worked out. All nozzles were set at the same clearance in order that a 
larger number of samples might be taken in a shorter time, thus partially elimi- 
nating the variation in the amount of dust contained in the air for the different 
samples. With the nozzle clearance of 0.015 in., the results as given in the 
curves of Fig. 7 were obtained. These curves are located differently due to the 
fact that the samples were taken on different days, and, therefore, with a 
different dust content in the air. They do, however, all show similar charac- 
teristics—that is, a general increase in the dust count from 200 to 275 fps with 
a flat portion between the range of 275 to 300 fps from which the slope extends 
upward very rapidly. The points fall very consistently on the curves until the 
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portion of rapid increase in count is reached, after which they show a con- 
siderable amount of variation. It will be noted that the samples were taken 
with three different nozzles which were supposed to be identical. Later work 
showed that there was a slight variation in the bore of one of these nozzles 
which gave it a slightly different characteristic. The same general characteristic 
is also shown in the curves of Fig. 8. These curves show that at lower velocities 
the count is much higher for the close setting of the nozzle tip to the glass, 
but that the limiting velocities are soon reached and from this point on the 
count is higher with a free discharge opening. 

It was thought possible that the large number of dust particles collected at 
high velocities was due to the fact that as the velocity is increased many more 
of the smaller particles are precipitated to the plate. When counting the sample, 
it is extremely difficult to differentiate between the two sizes and the total 
number visible is the most practical count to be made for the sample. One series 


TaBLe 4.—SampLes TAKEN WITH VacuuM AppaRATUS, CLEARANCE=1/16 IN. 




















. Dust Count Per Cent 
Series Sample Velocity Particles Variation 
No. fps per Cu Ft from Average 
A 1 300 23,800 +0.42 
2 300 24,050 +1.48 
3 300 23,200 +1.90 
Average 23,700 
4 400 "69,000 —1.8 
5 400 71,100 +1.2 
6 400 70,700 +0.6 
Average 70,270 
B 1 300 21,200 +7.90 
2 300 18,810 —4.23 
3 300 19,100 —2.80 
4 300 19,500 —0.76 
Average 19,650 
C 1 300 12,480 —2.82 
2 300 12,410 —3.40 
3 300 12,690 —1.18 
4 300 13,200 +2.64 
5 300 13,280 +3.36 
6 300 13,000 +1.18 
Average 12,843 
7 400 42,800 +1.33 
8 400 42,800 +1.33 
9 400 44,900 +1.56 
10 400 41,200 —0.33 
11 400 39,500 —6.48 
Average 42,240 
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of tests was, however, run in which only particles above a certain size were 
counted. This was accomplished by comparing the particles to a spot in the 
field of the microscope which was estimated to be about 15 microns in diameter. 
The velocity was varied through the entire range and the results obtained are 
shown on Table 3. These results would indicate that the assumption is correct, 
although no sharply defined relation exists between the velocity and the smallest 
size deposited, for even at the lowest velocity many of the particles appear 
to be just as small as those at the higher velocities, although there were a great 
many more of the small particles at the higher velocities. 


IMPORTANT Factors 


From the experiments thus far conducted, it is evident that the amount of the 
dust taken out of a sample is affected by at least three factors. 


TaBLe 4.—SampLes TAKEN WitH VacuuM ApPARATUS, CLEARANCE=1/16 IN. 








(Continued ) 
Series Sample Velocity ge Vastotea 
No. fps per Cu Ft from Average 
D 1 300 9,600 —4.87 
2 300 9,480 +2.58 
3 300 8,520 —6.91 
4 300 9,240 +0.94 
5 300 8,930 —1.36 
Average 9,154 
E 1 300 29,800 —1.7 
y 4 300 27,100 —7.5 
3 300 30,800 +5.1 
4 300 28,300 —3.4 
5 300 31,100 +6.1 
6 300 28,900 —1.3 
Average 29,300 
7 400 84,900 +2.16 
8 400 75,600 —9.03 
9 400 900 —0.24 
10 400 86,600 +4.22 
11 400 87,000 +4.70 
12 400 81,600 —1 
Average 83,100 
F 1 300 3,160 +3.5 
2 300 2,980 —5.4 
3 300 3,250 +4.5 
4 300 3,180 +1.0 
5 300 3,270 +3.8 
6 300 3,200 +1.6 
7 300 3,000 —48 
Average 3,150 
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A. Size and shape of the nozzle. 
B. Distance of nozzle from sample plate. 
C. Velocity of air through nozzle. 


The size of the nozzle seems to be governed largely by the size of the sample 
desired. The shape is subject to further experimental work, but of the nozzles 
thus far tried the sharp edged nozzle appears to give the best results. The 
effect of distance between the nozzle and the glass plate depends somewhat upon 
the resistance to the air flow, the effect being greater for small clearances. 
From the test made, it would appear that 1/16 in. clearance gives reasonable 
results and it is a clearance from which wide variation need not be expected 
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Fic. 6.—Errect oF Nozz_e CLEARANCE AND AIR VELOCITY 
on Dust Count 


for small differences either way. This clearance was, therefore, selected for 
further experimental work. From the curves thus far shown, it is evident 
that velocity has a very great effect upon the amount of dust deposited and that 
some specific velocity must be maintained for comparative results. It is also 
evident that, under no obtainable conditions will all of the dust be precipitated 
from the sample; therefore, any results with this type of counter must be on a 
comparative basis. Under this condition those factors which affect a sample 
must be selected and fixed in some range within which it is possible to remain 
in practice. The particular values which are assigned to these variable factors 
do not appear to be of as much consequence as is the necessity for their 
standardization. 

In order to determine the reliability of the impingement method when condi- 
tions are definitely controlled, many sets of tests have been run under fixed 
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conditions. For the greater part of these tests a nozzle 0.05 in. in diameter 
and with 1/16 in. clearance from the collecting glass was used. Several series 
of samples were taken from the air in a large room. In each series the condi- 
tions of sampling were held constant and the time intervals between the indi- 
vidual samples of a series were made as short as possible in order to eliminate 
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variations due to changes in the natural dust content of the air. The velocities 
used for the different series were from 300 fps to 400 fps. The results for a 


representative group of these tests are shown in Table 4. They show a maxi- 


Tas_e 5. Resutts oF Tests witH Hitt Counters 




















Hill Counter Hill Counter Hill Counter Constant Velocity 
No. 1 No. 2 No. 3 Counter 
Sampl P P P 
No. not Variation —_ Variation Dus Variation _ Variation 
Cu Ft Average Cu Ft Average cur t Average Cu Ft Average 
1 15,780 |— 6.2 | 14,150 |— 12.7 | 18,080 |— 5.3 | 18,220 
2 13,590 |— 19.2 | 20,950 |+ 36.0 | 13,590 |— 28.8 | 19,490 | + 6.9 
3 17,500 |+ 4.0 | 17,500 |4+ 7.2 | 14,040 |— 26.5 | 17,280 | — 5.2 
4 16,340 |— 2.9} 15,780 |— 3.0 | 13,590 |— 288 | 18,280 | + 0.3 
§ 18,420 |+ 9.5 | 14,400 |— 11.2 800 |+ 50.8 | 18,140 | — 0.4 
6 19,320 |+ 14.9 | 14,960 |— 7.9 | 26,500 |4+ 38.7 | 17,940 | — 1.5 
Average 16,820 16,290 19,100 18,225 
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mum variation in any case of 9 per cent in either direction from the average. 
The possibility for a variation from the average would be greater as the number 
of samples are increased for each set, although from the work done it would 
seem that six samples are sufficient for reasonable results. 


CHECKING RESULTS 


As a check on the plunger pump type of dust counter and a comparison of this 
method with the constant velocity method, dust was sampled by three different 
types of Hill dust counter and also by the constant velocity method. The Hill 
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counters used in making these tests are numbered 1, 2 and 3. Counters Nos. 1 
and 2 were of the single orifice type with microscope attached. For No. 1 the 
orifice was in a glass plate at a distance of 0.083 in. from a fixed glass sample 
plate. No. 2 was of the same type excepting that the orifice was in a metal 
plate and the sample plate was removable. No. 3 was an older type in which 
the orifice and pump were separate from the microscope. 

The constant velocity apparatus is the one described in Figs. 3, 4 and 5. 

The results of these tests are shown in Table 5. An analysis of the results 
shows that the variation in count for the samples taken at a constant velocity 
is much less. Since the principal difference in the method used was in the 
control of velocity through the orifices, it would indicate that this is the factor 
which might be changed to improve the Hill counter. 
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CONCLUSIONS 


The final conclusions reached in this investigation were: 

First: That the amount of dust taken out of the air by the impingement 
method depends upon several variable factors. Among these factors are size 
and shape of nozzle, position of nozzle with reference to the collecting plate and 
velocity of air through nozzle. 

Second: The determinations by such a method must necessarily be relative 
as it is impossible under any conditions to take all dust out of the air and 
count the same. 

Third: The size of dust particles in the air varies through'a wide range, and 
it is evident that some minimum size must be selected below which it is not 
necessary to count the particles. This lower limit may be set with reference 
to the quality of the air desired. 

Fourth: By holding the conditions constant under which the samples are 
taken, results may be obtained with the impingement type of counter which 
are reasonably consistent. 

Fifth: There is nothing gained in accuracy by placing nozzles in series. 


DISCUSSION 


H. H. Kimsacu anp I. F. HAnp (Written): Counts of the number of dust 
particles per cubic centimeter contained in the atmosphere have been made on 
the campus of the American University on nearly every working day since 
December 7, 1922, with the Owens’ dust counter, and since September 1, 1928, 
counts have been made with the Hill dust counter. Observations were also com- 
menced with the Hill dust counter early in September, 1928, at the following 
additional Weather Bureau stations: Boston, Mass.; New York, N. Y.; Pitts- 
burgh, Pa.; Detroit, Mich. ; Chicago, Ill. ; Cincinnati, O.; Atlanta, Ga. ; Madison, 
Wis.; Lincoln, Nebr.; Denver, Colo.; and Salt Lake City, Utah. The Hill 
dust counters were furnished by the AMERICAN Society OF HEATING AND 
VENTILATING ENGINEERS. The Society also prepared the instructions for 
obtaining the dust counts, and towards the end of 1928 sent out a representative 
to inspect the dust counting, so as to insure uniformity of method at the different 
stations. 

However, the results did not seem to be in accord with known conditions at 
some of the stations. For example, Pittsburgh showed less dust than any. other 
station, and Cincinnati was a close second; while Madison, Wis., appeared to be 
one of the smokiest of the twelve cities named above. 

Early in May Mr. Hand was sent out equipped with both a Hill and an Owens’ 
dust counter to check up on the measurements at Pittsburgh, Cincinnati, Madison 
and Chicago. Chicago was included because the count was in question, and 
because it was necessary to pass through that city to reach Madison. 

At Pittsburgh it was found that a lens in the objective of the microscope had 
become loosened, so that the instrument could not be focused on the dust particles 
collected. As a result, only a few of the coarsest particles could be indistinctly 
seen. After properly adjusting the microscope so that it would focus the dust 
count was increased about ten-fold. 
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At Cincinnati the observer had interpreted the instructions to mean that only 
coarse particles were to be counted, and particles that fell on any of the lines — 
of the grid were to be omitted. After including in the count all particles that 
could without doubt be seen, and excluding only those on or beyond the outside 
lines of the grid, the number of particles counted at that station was increased 
about three-fold. 


However, two observers almost never obtain precisely the same results with 
the Hill dust counter when reading simultaneously. Thus, at Pittsburgh, after 
the microscope had been put in order Mr. Hand obtained with his instrument 
219,705 dust particles per cubic foot, while Mr. Zellon, with the Pittsburgh 
instrument obtained 175,070 particles per cubic foot. At Madison, Mr. Hand 
obtained 20,496 particles per cubic foot, Mr. Piippo, with the Madison instru- 
ment obtained 23,485 particles. At Cincinnati Mr. Hand obtained 44,835 par- 
ticles per cubic foot, while Mr. Devereaux obtained 51,240 particles. 

Repeated comparisons indicated that the discrepancies were at least partly 
due to uneven dust distribution throughout the atmosphere. A perusal of the 
paper by Rowley and Beal indicates that other factors, such as quickness of 
pump stroke, keenness of the eye of the observer, etc., also operate to cause 
discrepant readings. 

The comparisons between dust counts by the Hill and the Owens’ instruments 
are of interest. Individual readings give the following ratios for counts by the 
Owens’ instrument as compared to counts by the Hill instrument: 
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The average ratio for Washington for the months September-December, 1928, 
and February-May, 1929, is 1342, while values on individual days in April, 1929, 
varied from 5250 to 464. 

While both these instruments depend upon the impingement and adhesion of 
dust particles to a microscope cover glass, they are quite different in principle. 
The Owens’ instrument deposits a coating of water on the particles, thereby not 
only giving them an adhesive surface, but also increasing their specific gravity. 
As a result they are deposited on the cover glass in a well-defined line with sharp 
edges. If quickly removed from the counter the line of water-covered particles 
is distinctly visible; but the water evaporates, leaving the line invisible before 
it can be mounted on the microscope slide. When examined under a powerful 
microscope the edge of the line of dust particles is still sharply defined. 

In the Hill counter the dust particles are left dry and light and the receiving 
surface is covered with an adhesive. There is great scattering of the dust 
particles, so that only those in a prescribed area are counted, and a factor, 
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1/0.81, is used to take account of those that fail to adhere or fall outside the 
prescribed area. Furthermore, the hole admitting the air stream through the 
cap to the adhesive surface is not well centered, and the way in which the cap 
is put on makes considerable difference in the proportion of the total dust that 
falls in the area over which the count is to be made. Also, unless the adhesive 
is very carefully spread over the receiving surface, particles of it may be mis- 
taken for dust. ; 

It appears to the authors that accuracy has been sacrificed for cheapness in the 
construction of the Hill dust counter. Consequently, in inexperienced hands the 
results are unreliable. While we are not prepared to state that the Owens’ in- 
strument gives errorless results, there seem to be several obvious sources of 
error in the Hill instrument that could be greatly reduced by increased accuracy 
of construction. 


Marcaret InGEts (Written): There is one thought that I believe should 
be kept in mind when endeavoring to learn the best method for determining the 
amount of dust in the air. The dust determining instrument should take into 
account all of the dust in the air sampled. By all of the dust I mean all sizes 
of particles, fumes and smokes that it is possible to remove with the best of 
present materials and knowledge at hand. The method of testing should be as 
near 100 per cent as possible. 

It may not be practical or advantageous to remove the very small dust par- 
ticles in ventilation, but to have the determinator to remove only large particles 
would give distorted efficiency ratings to air cleaners. 

It seems to me to be more honest to rate an air cleaner as 30 per cent efficient 
for removing all solid matter for a definite environment than to rate a filter as 
100 per cent efficient because the determinator was no more efficient than the 
cleaner it was being used to test. 


E. C. Evans: I would like to ask Professor Rowley if he has noted or is 
going to note upward steps in the size or mesh of dirt. Manifestly there is some 
limit somewhere, and if we could tell, or if we knew about what was the mesh, 
a very definite statement could be made on efficiency. This would be some 
basis on which we could stand. In work of this kind in the field we note that 
we get very clean air, but where that air is passing into a chamber, some rotative 
effect in that chamber might discharge some of the dirt collected: Not, however, 
until there has been an accumulation in that chamber, and when tests are made 
on that discharged air from that chamber, the particles are rather larger than 
when they went in. That is, as far as you can note under a microscope. 
I believe if some thought could be given to this feature, we would be able to 
base our work on something definite. 


Homer R. Linn: I was thinking along the same line. Take Fig. 2, I won- 
dered what effect the volume of those little chambers had on the dust count. 
The air quiets up after it hits the plate from the No. 1 chamber and starts into 
No. 2; that is, it becomes quiet, so that dust would be deposited in the chamber. 


Pror. F. B. Rowtey: Referring to Mr. Evans’ discussion, it is true we will 
have to strike some lower limit for the size of dust particles. The magnification 
may be increased until there are millions of dust particles visible per cubic foot, 
and counting would be out of the question. From a practical viewpoint, the 
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method of counting dust particles must give relative values and a lower limit 
must be set beyond which it is not necessary to go. 

Mr. Linn’s criticism is well taken. It is true that some of the dust is taken 
from the air in its distortions around the chamber. The method was devised 
merely as a means of passing the air from one nozzle to another in order to 
find out something of the proportion of dust taken out by a nozzle. For prac- 
tical purposes, I wouldn’t want to advocate three chambers in series as shown. 

PresipENT Lewis: You are going to do some more work on that subject, 
aren’t you, Professor Rowley? 

ProFessorR Row.tey: Yes, and the committee would be very glad to have 
suggestions of any kind, either written or otherwise. The question of dust 
determination is a baffling one, and any suggestions as to practical, satisfactory 
methods would be welcomed. 
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INSTRUMENTS FOR THE MEASUREMENT OF 
AIR VELOCITY 


By J. H. Parkin,’ M. E., F. R. Ae. S., Ontar1o, CANADA 


NON-MEMBER 


for measuring the velocity of air under low pressures. The construction, 
characteristics and limitations of the instruments are discussed and the 
precautions to be observed in their use are described. 


A DESCRIPTION is given of certain anemometers of the pressure type 


INTRODUCTION 


The measurement of fluid velocity is of great importance in many branches of 
engineering. In steam and hydraulic plants, waterworks and sewerage systems, 
it is necessary to know the rate of flow of water in pipes and conduits, and 
flowing in open channels its speed must be measured in irrigation work and 
stream gaging. Steam velocities are now regularly measured in power plant 
and industrial practice. The velocity of flow of gases, such as air, natural and 
illuminating gas, has commonly to be determined. In marine and aeronautical 
transportation the velocity of water or air relatively to the vessel or aircraft 
determines the speed of travel. 


While the fundamental principles underlying the different methods employed 
for measuring the velocities of liquids and gases are generally the same, special 
modifications in apparatus or technique are often adopted for the measurement 
of any particular fluid. Thus, while certain methods of velocity measurement 
are peculiar to liquids and others to gases, many are applicable either to liquids 
or gas, as, for instance, the pitot-tube or venturi meter; while others, but little 
modified, may be used for either. For example, the current meter employed 
in river gaging differs in no way fundamentally from the cup anemometer em- 
ployed for determining wind velocity. 

The measuring instrument employed will depend, to a large extent, on the 
particular conditions, such as the nature of the fluid, its velocity and pressure, 
and whether the flow is in a closed pipe or open channel. Certain devices meas- 
ure the general average velocity over a considerable area, while others measure 
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the velocity virtually at a point. The velocity required may be that of a fluid 
through a pipe or channel, or that of some object through relatively stationary 
fluid, as in vessels and aircraft. 

It is proposed to confine this paper to a consideration of certain methods for 
the measurement of air velocity under atmospheric or low pressure. Certain of 
the methods described will be applicable only to these conditions, while others, 
it will be apparent, may be used either directly or with minor modifications for 
the measurement of flow under pressure in pipes, not only of air and other gases, 





Fic. 1—Pressure PLtate ANEMOM- 
ETER FOR AIRCRAFT Pitot-StTaTic AIR- 
CRAFT HEAD 


but also of water and liquids. The methods described will be those for the 
determination of velocity at a point. 


DESIRABLE FEATURES IN AN AIR SPEED INDICATOR 


There are certain desirable features to be sought for in selecting an instru- 
ment for use under any particular set of conditions. The instrument should be 
simple and direct in design, with few parts and direct connections, compact and 
rugged. Convenience in using the instrument is not an unimportant feature, 
since its absence may reduce the accuracy of the observations through fatigue. 
Thus, ease of reading, thereby eliminating eye strain, and direct reading, that is, 
indicating the velocity directly in the desired units, are desirable features. 
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The accuracy and sensitivity required will vary with the circumstances. The 
precision of the instrument, however, should be permanent, suffering no de- 
terioration in service. Aside from the inherent accuracy of the instrument, the 
precision of the observations may be limited by other factors, the most important 
being unsteadiness or fluctuations in the velocity being measured. The effect 
of pulsations may be reduced by the introduction of damping in the instrument, 
but the greater the damping, the more sluggish it becomes, and the greater the 
time lag which may introduce errors in the indicated velocity. 


Instruments may be self indicating or manual. Those of the former type 
indicate any velocity within their range without manipulation, while the latter 
require adjustment for each reading. If velocities of varying magnitude are to 
be read, the self indicating type will generally prove the more convenient; 
while, if the instrument is being used to enable a velocity to be held constant, 





Fic. 2—TureE Cup METEOROLOGICAL ANEMOMETER (CANADA) 


there is no difference between the self indicating instrument and the one that has 
to be adjusted manually. 

Another feature to be considered is the size of the instrument and whether it 
is such as to alter the conditions of flow being studied. Thus, an instrument of 
considerable bulk should not be employed in a small pipe where the obstruction 
would materially change the rate of flow. 

Whether an instrument is a self standard, such that velocities can be de- 
termined directly from its reading and dimensions, or requires calibration 
against a standard, is perhaps not important provided that, if of the latter type, 
comparison with the standard is made at sufficiently frequent intervals. This, 
however, is seldom done. On the other hand, self standards are often less 
simple in construction and less convenient to use than calibrated instruments. 


Types or Arr SPEED INDICATOR 


Air speed indicators, or anemometers, may be broadly divided into two classes, 
pressure type anemometers and electrical anemometers. Anemometers of the 
pressure type are actuated by the pressure exerted by the air due to its velocity, 
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while the electrical instruments depend for their action upon the dissipation of 
heat from electrically heated wires in the air stream. The present paper will 
deal only with instruments of the former type. 

There are two principal kinds of pressure anemometers, namely, mechanical 
or moving part anemometers, such as cup or vane instruments, and pressure tube 
anemometers of the pitot or venturi tube type. In the former type of instru- 
ment the air reaction on a surface, vane or cup, is the active force, while in the 
latter the dynamic pressure of the air is employed. Most instruments of the 
mechanical type are practically independent of the density of the fluid, except 
as it affects the friction, while the indication of instruments of the pressure 
tube type depends on the density of the fluid. 


MECHANICAL ANEMOMETERS 


A—Pressure Plate Anemometers: The simplest form of anemometer em- 
ploying the air reaction on a surface is that in which a plate is deflected by the 
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air flow against the resistance of gravity or a spring. Thus, in the pendulum 
anemometer a rectangular plate is hung on knife edges at its upper edge and 
loaded near the center. When placed normal to the air flow the plate is de- 
flected until the restoring force due to gravity balances the air reaction on the 
plate. The angle of swing is indicated on a graduated quadrant, which may 
be calibrated to read in suitable units. Similar instruments using discs, or in 
which the plate is moved horizontally against spring resistance, have been used. 

The obstruction offered by such instruments to the air flow is a serious dis- 
advantage for many purposes, while the accuracy of the instrument is not great. 
In addition, the indicator is dependent on the density of the fluid. On the other 
hand, the instrument gives an instantaneous indication of velocity. 

Recently, the principle of the pendulum anemometer has been adopted in an 
instrument for indicating the approximate speed of aircraft? as shown in Fig. 1, 
A. A small plate, about 2-in. square, is carried on the lower end of a wire 
arm, initially vertical, which at its upper end is coiled to form a torsion spring. 
The air pressure deflects the plate against the spring resistance along a quadrant 





2 Employed on the De Havilland “Moth” light aeroplane. 
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graduated in miles per hour. The instrument is mounted in an unobstructed 
position on an interplane strut where it is readily visible from the cockpits. It 
would seem that a similar instrument of small size and with a lighter spring 
might be useful for measuring roughly low air velocities in heating and ventila- 
tion and like work. 

B—Cup Anemometers: Cup anemometers consist of a number, usually four, 
of hemispherical cups mounted on arms radiating in a horizontal plane from a 
vertical spindle free to rotate in anti-friction bearings, and furnished with a 
revolution counter. When placed in the air stream, the cup on one side is pre- 
sented concave side to the air flow, while the cup on the opposite side is pre- 
sented convex side to the flow. The coefficient of resistance of the cup in con- 
cave presentation being 0.665, while that of the cup in convex presentation is 
0.165, the former moves with the air forcing the latter against the air flow, and 
the cups and spindle are thus rotated windmill fashion. 

The speed of rotation, and hence the indication, is approximately proportional 
to the air speed, instead of the square of the air speed, as in the pressure tube 
instruments, and hence the cup anemometer is more suitable for measuring low 
air speeds. 

The original so-called Robinson cup anemometer had four cups and was the 
standard instrument employed to measure wind speeds. Recently, as a result of 
a most complete study of cup anemometers made by J. Patterson of the Mete- 
orological Service of Canada in the wind tunnel of the University of Toronto, 
in which a great number of combinations of cup diameters, numbers of cups, 
arm lengths and cup forms were investigated, it was found that a three cup 
arrangement has more uniform turning moment and, hence, more constant factor 
than the four cup. The factor is the relation between the distance moved 
through by the cups and that travelled by the air in a given time; in other words, 
it is air speed divided by cup speed. As a result, a new type anemometer having 
three 5-in. cups om arms 6.3 in. long has been introduced and adopted by the 
Canadian, American and other meteorological services. The Canadian standard 
anemometer is shown in Fig. 2. 

Cup anemometers range in size from the large outdoor instruments used in 
meteorological work, such as the Kew pattern having 9-in. cups on 24-in. arms, 
or that described in the foregoing, to the small instrument shown at D, Fig. 3, 
having four 0.827 in. cups on 0.”10 in. arms. 

Cup anemometers are ordinarily of the indicating type in which revolutions 
of the cup spindle are indicated hy needles on graduated dials, and to determine 
the air speed an independent tirae observation with a stop watch must also be 
made. Such instruments may ‘ave the dials directly on the instrument, the 
needles being driven through suitable gear trains, as in the small instrument at 
D, Fig. 3, or a contactor only may be incorporated in the anemometer with a 
remote electrical recording or indicating device, as in the meteorological in- 
strument of Fig. 2. There are also tachometer cup anemometers which indicate 
the air speed directly. 

Friction, lubrication and inertia have important effects on anemometers of this 
type. While every effort is made to reduce friction to a minimum by using 
anti-friction bearings in the large instruments and jewel pivots in the small 
instruments, friction still introduces inaccuracies, particularly at low speeds. In 
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addition, the gear trains connecting the spindle and indicating needles impose a 
considerable friction drag on the spindle. Curves showing percentage errors in 
the readings for two cup anemometers are shown in Fig. 4, and it will be seen 
that the accuracy of the indication is much reduced at low speeds. 


Inertia of the rotating element results in too high an indication of velocity in 
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a fluctuating air current. The instrument is sluggish. Light construction mini- 
mizes this trouble. 

An important characteristic of cup anemometers is that the air speed from 
any direction in the horizontal plane is indicated. 

C—Vane or Screw Anemometers: This type of instrument is similar to the 
cup anemometer except that instead of cups, light blades or vanes set at an 



































XUM 








INSTRUMENTS FOR THE MEASUREMENT OF Arr VeLocity, J. H. PARKIN 505 


angle to the plane of the arms, windmill fashion, are used. When the axis of 
rotation is parallel to the air flow the air reaction on the vanes has a circum- 
ferential component which rotates the spindle. Revolutions of the latter are 
indicated either directly on suitable dials, or an electrical contact is made after a 
certain number of spindle revolutions, which enables distant electrical observa- 
tion to be employed. 

The vane anemometer can be made of somewhat lighter construction than the 
cup type and, hence, is more sensitive. Mica or aluminum vanes are used and 
jewel bearings. This type of instrument is extensively used in ventilation and 
mine work. It is a delicate instrument requiring careful handling and it should 
not be used for velocities over 50 fps or 3,000 fpm. 

The vane instrument, unlike that with cups, due to the presence of the pro- 
tecting cylindrical case, requires to be more or less accurately aligned with the 
direction of air flow. As with the cup anemometer, a time observation is neces- 
sary to determine the velocity and friction at the spindle, and gear trains reduce 
the accuracy. This latter effect is shown for different vane anemometers by 
the curves of Fig. 4. Inertia effects are negligible with the light construction 
employed. 

In general, one of the three positions is used for the indicating mechanism, 
two of which are shown at A, B and C, Fig. 3. That in which the dial case is 
directly behind the windmill as at B and C probably has the greatest interference 
effects, while that with the small case on the outside of the cylindrical casing 
ring, as at A would be expected to have least. The third position for the dials 
is in the center of the wheel concentric with the wheel and case and normal to 
the air flow. This last arrangement is more compact, attractive in appearance, 
and the interference probably less and more consistent than in the first position. 
However, the observer is more likely, with the latter instrument, to stand in 
such a position that he interferes with the air flow through the instrument. 


PressuRE TuBE ANEMOMETERS 


Anemometers of this class may be divided into pitot type and venturi type 
instruments. 
A—Pitot-Tube: The pitot-tube is simply an open ended tube facing the cur- 
rent. The air, or other fluid, flowing into the open end is brought to rest and 
thereby exerts a pressure on the air in the tube equal to the dynamic pressure. 
v2 

The latter is expressed by the relation p—, p being the mass density of the air 
w 2 

or fluid, i.e., — where w is the weight in pounds per cubic foot and v in feet per 


g 

second. The pitot-tube is commonly employed in conjunction with a second 
tube in which the pressure is equal to the static pressure in the air stream, so 
that the pressure difference between the tubes is the dynamic or velocity pres- 
sure. The combination is known as a pitot-static tube, or, less correctly, simply 
as a pitot-tube. 

It has been found that the form of the open end of the pitot-tube is not im- 
portant since, with forms as widely different as a hole in a disc and a finely 
tapered tube end, the pressure in the tube is found to be the correct dynamic 
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pressure. On the other hand, great care must be taken in forming the end of 
the static tube if the true static pressure is to be obtained in the tube. The most 
satisfactory arrangement consists of one or more holes (static openings) of 
diameter not greater than 0.04 in. drilled in the walls of a tube whose axis is 
parallel to the air stream. The end of the tube is closed and faired or pointed 
so that the air flows in smooth parallel streams past the static openings. It is 
important that the latter should be of small diameter, drilled normal to the 
surface and with all burrs removed. 

In some instruments the pitot and static tubes are quite separate, as in the 
aircraft air speed head, shown at B, Fig. 1. Commonly, however, the pitot and 
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static tubes are combined in one instrument as shown at A and B, Fig. 5. 
These instruments each consist of two concentric tubes of about 3/16 in. and 
5/16 in. O. D. The smaller, inner tube is the pitot-tube extending from the 
pitot, or impact opening, to the corresponding pressure connection. Surround- 
ing this tube is the larger static tube in which, near the nose, the static openings 
are drilled. The static openings should be 2 or 3 in. (not less than six diam- 
eters) back of the tapered nose and about 10 in. ahead of the heel or shank. 
The nose should be finely tapered, not to improve the dynamic opening, but so 
that the air will flow smoothly past the static openings at all speeds, thus per- 
mitting the true static pressure to be obtained. 

The theory of the pitot-tube is well known. It is commonly developed on a 
basis of Bernouilli’s theorem, considering the air incompressible, but more cor- 
rectly from the principles of thermodynamics, taking into account the com- 
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pressibility of the air. In the latter case for adiabatic compression, the pressure 
on the impact opening is 
v 





(1-1) pyr? 
p=, (14 ) rt 
27 Py 
so that a pitot-static tube transmits to a differential gage the difference between 
this pressure and the normal static pressure, or 
Pov” 1 pau? 
+——+4++4 
2 y—1 2 
In this expression all terms after the first are negligible to a precision of 1 
per cent for speeds below 225 fps and the equation reduces to that developed 
on a basis of Bernouilli’s theorem. 
The pitot-static tube, constructed as described in the foregoing, therefore, re- 
pu? 
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quires no calibration, the equation p= applying with an accuracy of 1/10 
per cent of the velocity up to 50 fps (3,000 fpm) and 1 per cent up to 225 fps 
(13,500 fpm). At a speed of 40 fps (2,400 fpm) the pressure difference between 
the tubes is only 0.365 in. of water, and this small pressure together with the 
fact that it varies as the square of the speed, and hence is very small indeed at 
low speeds, are the principal disadvantages of the instrument. 

Owing to the small magnitude of the pressure difference for ordinary air 
velocities, various modifications have been introduced to increase the reading. 
In one case an aspirator tube replaces the static tube. The aspirator tube may 
simply be a pitot-tube with open end downstream, as in the so-called double pitot, 
or the open end of a tube pointing upstream is covered by a small conical cap 
with open base downstream. The pressure inside the cone is then less than 
the normal static pressure. This construction is employed in the Clift aircraft 
head and in the yawmeter shown at C, Fig. 5. 

No theory has been developed for this type of tube, as it involves a considera- 
tion of the external flow about the tube and the negative pressure at the rear. 
The pressure difference between the two tubes may be 40 per cent greater than 
that between the tubes of the ordinary pitot-static tube, and if the formula of 
the latter is used, a coefficient must be used, ranging in value from 1.35 to 1.40. 

The pitot-static tube is perhaps one of the most commonly used instruments 
for the measurement of the velocity of fluids which are clean and not too viscous. 
It is simple, inexpensive, compact, convenient, of high accuracy and, if properly 
constructed, requires no calibration. Owing to the small magnitude of the 
velocity head, the instrument is not satisfactory for measuring velocities below 
20 fps (1,200 fpm) for which the velocity head is less than 1/10 in. of water. 

There are certain precautions to be observed in the use of the pitot-static tube 
if accurate results are to be obtained. It is important that the tube be set parallel 
to the air flow. A misalignment of 4 deg will cause an error of 1 per cent and 
17 deg misalignment about a 5 per cent error in the reading. The air stream 
immediately behind the instrument must be free from obstruction. The effect 
of an obstruction here is to cause the lines of flow to be deflected, and if this 
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deflection occurs at, or upstream, from the static openings, the true static pres- 
sure will not be obtained. For this reason the static openings should be well 
forward, some 8-10 in., of the shank of the instrument, and if the tube is carried 
on a rod or other support, the latter should be kept well back of the instrument. 
A hemispherical clamp, 1 in. in diameter, 33/16 in. behind the static openings 
of the tube, shown at B, Fig. 5, was sufficient to cause a 1 per cent error in the 
velocity indicated. For the same reason the tube should not be used too close 
to a wall or other object, since confining the air flow between the wall and tube 
will result in an error in the static pressure obtained. 

B—Pitot-Venturi Tube: The static tube in the pitot-static instrument is, in 
some cases, replaced by a venturi tube in order to increase the magnitude of the 
pressure difference obtained. The double conical form of the venturi tube is 
familiar to all engineers, and it is well known that a fluid flowing through the 
meter experiences as a result of the reduction in cross-sectional area in the 





Fic. 6.—MeEcHanicat GAGES 


tapering cone, an increase in velocity, accompanied by a corresponding decrease 
in pressure. Thus, the pressure at the throat is less than the normal static 
pressure, and hence the pressure difference between the dynamic pressure of 
the Pitot tube and the reduced pressure at the throat of the venturi tube will 
be much greater than for the usual pitot-static combination. 

The venturi tube may be employed alone, using the pressure difference be- 
tween the throat and the normal static pressure, but generally, for the foregoing 
reason, it is used with the pitot tube. 

While the theory of the venturi tube inserted in a pipe line is well known, no 
theory has been developed for the venturi tube in free air when the flow around 
the outside must also be considered. Considerable research has been done on 
venturi tubes used in this way, however, and the following points have been 
determined : 

1. The entry cone should be of about 20 deg angle and from %-1 in. long. 

2. An exit cone angle of 4 deg 50 min and a length of 6 in. are satisfactory. 

3. Flaring the base of the exit cone increases considerably the suction. 

4. The throat between entry and exit cones should be short, not exceeding 0.03 in. 
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5. The efficiency of the tube drops with increase in size, a throat diameter of from 

¥% to % in. being most satisfactory. 

6. oo is no advantage in the use of cones with variable angle, i.e., curved sur- 

aces. 

The suction obtained can be much increased by using a double venturi tube. 
A small venturi is arranged in the entry cone of the larger tube, with the end of 
its exit cone at the throat of the larger tube. The reduced pressure set up by 
the larger tube serves to increase the flow through the smaller, thereby develop- 
ing in the throat of the latter a much greater suction. Suctions eight times 
that of the single tube have been obtained in this way. 

Pitot-venturi tubes, both single and double, are used to a considerable extent 
for indicating the speed of aircraft. The American and French Air Services 
employ this type of instrument. It would seem to have possibilities as an 
instrument for use in heating and ventilation work because of the large pressure 
difference, although its form renders it less convenient to use than the pitot- 
static tube. 

The same precautions must be observed in using this instrument as for the 
pitot-static tube. The venturi must be kept at least 25 diameters ahead of any 
obstruction, even if of fairly stream-lined form, such as an aircraft strut, to 
prevent blanketing of the tube and loss of suction. 


MANOMETERS 

Anemometers of the pressure tube type require some form of pressure gage 
to measure the pressure difference between the tubes, and because of the small 
magnitude of this pressure difference, such gages must possess great sensitivity. 
A sensitivity of 0.0005 in. of water is desirable, although 0.001 in. is often 
sufficient. The range required will generally not exceed 3 in. of water, or at 
the outside 6 in., since the air velocity corresponding to a dynamic pressure of 3 
in. of water is 115 fps (6,900 fpm). 

The gages should be free from indeterminate errors due to capillarity, vis- 
cosity, hysteresis, friction and inertia. Adjustable damping is desirable to en- 
able the velocity in unsteady flow to be measured. Simplicity and convenience 
are of much importance. The use of colored liquids, reading of one meniscus 
only, zero adjustment and scales reading directly in the desired units, all facilitate 
the taking of the readings and improve their accuracy through eliminating 
fatigue and needless computations. It is also desirable, as previously noted, 
that the gage shauld be a self standard, if this can be effected without too great 
sacrifice in convenience or other features. 

The gages employed are usually either mechanical or gravity. 

A—Mechanical Gages: In the mechanical type the movement of a dia- 
phragm, or other similar device, under the action of the pressure difference, is 
mechanically magnified and communicated to a needle moving on a dial. While 
non-metallic diaphragms of such material as rubber or parchment have been 
used, a thin corrugated metal diaphragm or bellows is now most commonly em- 
ployed, the arrangement being very similar to that of the ordinary aneroid 
barometer. Gages of this type, in conjunction with pitot-static or pitot-venturi 
tubes, are standard equipment on aircraft for indicating air speeds. Two such 
gages are shown in Fig. 6, one having a corrugated metallic diaphragm, the 
other an oiled silk diaphragm. 
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Mechanical gages are less simple in principle and more complicated in con- 
struction than those of the gravity type. They are subject to errors due to 
friction in the pivots and hysteresis in the diaphragm. Obviously, such gages 
require calibration. 

B—Gravity Gages: The gravity type gages employed for velocity measure- 
ment purposes are basically simply U tube manometers, and hence are usually 
termed manometers or micromanometers. Various modifications are introduced 
in the simple U tube to magnify the reading and so render the gage more sensi- 
tive. These gages are made either self indicating or manual in operation. 

(1) Sete InpicatiInc MANOMETERS. 

In manometers of the self indicating type two methods of magnification are 
employed. 

a—Two Liquid Differential Gage: In the two liquid differential gage, two 
non-miscible liquids of nearly the same specific gravity are employed in such a 





Fic. 7. SLANTING (KRELL) MANOMETER 


way that the difference of their specific gravities is the operative factor. Addi- 
tional magnification is obtained by enlarging the upper portions of each leg of 
the U tube into cisterns of about 100 times the cross sectional’ area. 

Alcohol, colored with aniline dye and kerosene, are the two liquids generaliy 
used, although water or methylated spirits may be used with the kerosene. The 
specific gravity of the alcohol may be adjusted by the addition of water to be 
as nearly that of the kerosene as desired. If the specific gravities are too nearly 
equal (less than 0.05 difference) the gage is difficult to manipulate, as the 
meniscuses become irregular. Methyl alcohol and gasoline and amyl ether and 
water have also been used. Care must be taken that there are no constituents in 
the one soluble in the other, and this may be guarded against by keeping the two 
in the same container before using. 

The formula for the gage in which the lighter liquid is in one leg only of 
the U tube is 

A, 
P,—P,=R (s,—s,)+—R (5,—5:) 


¢ 
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and if in both legs of the U tube the expression is 7 
A, 
P,—P,=R (s,—s,)+—R s; 
A 


where R is the movement of the surface of separation. A, and A, areas of tube 
and cistern, respectively. s, and s, specific gravities of heavier and 
lighter liquids, respectively. 

With alcohol and oil of specific gravities 0.834 and 0.79, respectively, a 
magnification of 17-18 is secured with oil in one leg and one meniscus only has 
to be read, while with oil in both legs the magnification becomes about 23, but 
two meniscuses have to be observed. 


The tubes should be of % to % in. bore and length 30 times the desired range 
in water. With large bores the meniscus becomes indeterminate, and with small 
bores it may break. The longer the tubes the greater the inertia and consequent 
lag. With % in. by 30 in. tubes the lag may be 1 min. 


In tests made at the University of Toronto this gage was found unsatisfactory. 
It suffers from errors due to capillarity, viscosity, inertia, hysteresis and imper- 
fections in the tubing. Its precision is low. The accurate determination of the 
specific gravities of the liquids is an additional disadvantage. 


b—Slanting Manometer: In the slanting or Krell manometer, magnification 
is obtained by inclining one leg of the U tube at a small angle to the horizontal, 
so that for a given vertical displacement of the meniscus, the movement along 
the tube is much increased. Angles of 3 deg and 6 deg to the horizontal are 
ordinarily used, giving magnifications of 20 and 10, respectively. 


The gage is rendered more convenient by replacing the vertical leg of the U 
tube by a reservoir or cistern having several hundred times the cross sectional 
area of the slanting tube. This makes it necessary to observe only one menis- 
cus, that in the slanting tube, since that in the reservoir remains substantially 
constant. 

The slanting tube should be uniform in bore, about 4% in. diameter, and 
straight. 


Alcohol (colored) has been found best for this gage. The precision when 
employed with a pitot-static and the velocity calculated from the dimensions 
is about 1% per cent, but as the gage responds to velocity changes of % per 
cent, if calibrated against a standard, it may have the precision of the standard. 

A gage used with success at Toronto is shown in Fig. 7. The glass tube 
is clamped with transparent celluloid bands into a V groove machined in a 
flat steel bed. The latter is pivoted at the lower end and provided with an 
elevating screw on a trunnion at the other end. Two steel wedges, machined 
to angles of 3 and 6 deg, respectively, attached to the bed, carry spirit levels. 
By adjusting the elevating screw until one or other of the spirit levels is level, 
the inclined tube is brought to a slant of 3 or 6 deg to the horizontal, irrespec- 
tive of the position of the base of the gage. 

The V groove keeps the tube straight, and by marking the glass tube it 
can always be returned, after cleaning, to the position it occupied when cali- 
brated. A strip of white paper behind the glass tube improves the visibility 
greatly, and by bevelling one edge of the graduated scale to a knife edge and 
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fitting it to project halfway over the glass tube, errors in observation, due to 
parallax, are much reduced. 

The reservoir is of spun copper 5 in. in diameter by 3 in. deep, and should 
be insulated to eliminate temperature effects. The reservoir is provided with 
an elevating screw so that the meniscus may be adjusted to zero on the scale. 

This particular gage has been found most satisfactory for many purposes. 
It is simple, inexpensive, precise, consistent, very quick to respond and conveni- 
ent to read. Errors due to capillarity and inertia are small. 


(2) Manuat ADJUSTMENT MANOMETERS. 


In manometers of the manual type, instead of permitting the liquid to flow 
from one leg of the U tube to the other to balance the applied pressure differ- 
ence, one leg of the U tube is raised bodily, without allowing the liquid to 
flow in the tube, to establish the difference in level of the liquid necessary to 
balance the pressure difference. The distance through which the leg is raised 
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from the zero position to maintain equilibrium is then equal to the applied 
pressure difference. Troubles due to capillarity are thus avoided, since the- 
oretically there is no movement of liquid in the tube. To insure that there 
is no such movement there is incorporated in these manometers some form 
of sensitive indicating device designed to show the slightest movement of the 
liquid. The more sensitive this device the greater the sensitivity of the ma- 
nometer. 

a—Chattock Micromanometer: One of the best known gages of this type is 
the Chattock tilting gage shown at A, Fig. 8, which is largely used with the 
pitot-static tube in aerodynamic laboratories. The gage consists of a U tube 
in which each leg is enlarged to form a bulb of about 2 in. diameter. The 
flow indicating device is located in a vertical tube about 1 in. in diameter, 
midway between the bulbs. The tube from one leg or bulb is carried up cen- 
trally in the 1 in. tube, terminating in an open end, the edges of which are 
ground off to a knife edge. The tube from the other leg enters the side of 
the l-in. tube. The upper part of the 1-in. tube is filled, from a reservoir 
above it, with oil to a level below the top of the central tube. The remainder 
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of the gage is filled with water. The water rises in the central tube and 
forms a meniscus or bubble in the oil at the top. Evidently, the slightest flow 
of water from one leg of the U tube to the other will distend or contract 
this bubble. A microscope fitted with a hair line is focused on the bubble 
with the hair line tangent to the latter, and enables minute movements to 
be detected. 

The whole of the glassware described in the foregoing is carried on a tilting 
frame controlled by a micrometer screw and dial. 

The applied pressure difference tends to displace the water from one 
leg of the U tube to the other, this distends the bubble and the U tube is 
tilted by means of the micrometer screw until the head, due to the difference 
in level of the two bulbs, balances the applied pressure, as is shown by the 
bubble remaining tangent to the hair line of the microscope. From the di- 
mensions of the gage and pitch of the screw, the change in elevation, and 
hence the pressure, may be calculated. 

The center to center distance of pivots and bulbs should be known to 
within 0.001 in. and the pitch of the screw to within 0.0001 in. 

In the original Chattock gage castor oil was employed, and to prevent it 
clouding through contact with the water, brine was used instead of water. 
This proved awkward, necessitating the determination of the specific gravity 
of the brine. In the gages now used at Toronto, distilled water and a medi- 
cinal paraffin oil have been used with success. 

The Chattock gage is very sensitive. A pressure change of 0.00025 in. of 
water can be readily detected. It is an absolute standard. While temperature 
changes affect the accuracy, the effect for ordinary temperature changes is 
small. The chief disadvantages of the gage are the fragile nature of the 
glassware, the extreme care necessary in use to avoid rupturing the bubble, 
and the eyestrain involved in long continued observation through the microscope. 

b—Modified Chattock Gages: The first and last of the difficulties mentioned 
in the previous paragraph have been eliminated in a modified design developed 
in England. Gages of the modified design, as made and used at Toronto, 
are shown at B, Fig. 8. Instead of the tilting arrangement, one bulb is raised 
vertically on a micrometer screw. The bubble indicator and the second bulb 
are combined to form the other leg of the U tube. The two legs are con- 
nected by a rubber tube in which a glass stop cock is inserted. The glass- 
ware is thus simple. 

Instead of the microscope, the enlarged images of the bubble and hair line 
are projected on a ground glass screen rendering observation easy. The 
bubble is illuminated by means of a concentrated filament stereopticon lamp. 
Spirit levels are fitted to enable the gage to be properly levelled. 

It is evident that the accuracy of this gage depends solely on the accuracy 
of the micrometer screw. The gage is as accurate as the screw. The gages 
used at Toronto are sensitive to 0.0001 in. of water. While this type of 
gage, particularly in the latter form, is an excellent laboratory instrument, it 
is probably too delicate and sensitive for use in ordinary engineering practice. 

c—Direct Lift Gage: A more satisfactory form of manometer for general 
use, possessing almost equal accuracy, and of simpler and more robust con- 
struction, is the so-called direct lift gage, shown in Fig. 9. 
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In this gage a large spun brass reservoir forms one leg of the U tube, and 
is connected through rubber tubing to a short length of glass tubing mounted 
on a metal bracket, which can be rotated about a horizontal pivot, so that 
the tube may be set at any inclination to the horizontal (as in the slanting 
Krell gage). The pivot is carried by a block which can be raised or lowered 
by means of a micrometer screw and dial. The gage is filled with colored 
alcohol whose specific gravity must be accurately determined. 

The meniscus in the slanting tube, with the gage at zero, is adjusted by 
raising or lowering the brass reservoir (using screw below) until it is tangent 
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to a hair line engraved on glass mounted in front of the tube. Parallax is 
avoided by using a mirror behind the tube. 

The alcohol, under the action of the applied pressure difference, tends to 
rise in the slanting tube, and this tendency is counteracted by raising the tube 
bodily by means of the micrometer screw, keeping the meniscus tangent to 
the hairline. The amount the tube is elevated is then the pressure difference 
in inches of alcohol. The sensitivity of the gage may be varied by adjusting 
the slope of the inclined tube. 

This manometer is evidently a self standard whose precision depends only 
on the accuracy of the micrometer screw. The use of the large reservoir 
renders it necessary to observe one meniscus only. The range of the gage 
can be made quite large, that illustrated having a range of 10 in. of alcohol. 

The direct lift gage should prove very useful in heating and ventilation 
work for the accurate measurement of fairly constant pressures and velocities. 
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D—Wahlen (Illinois) Gage: The Wahlen gage developed at the University 
of Illinois, is similar in form to the direct lift gage, but employs a different 
indicating device. The tube connecting the two bulb arms of the U tube is 
bent upward to form an inverted U tube of which one arm is enlarged and 
the other constricted to a very fine bore (3 mm). The upper part of the in- 
verted U is filled with a mixture of kerosene and ligroin, the surfaces of sepa- 
ration between the mixture and the alcohol, with which the rest of the 
gage is filled, being located in the enlarged and constricted sections of the 
inverted U. The slightest movement of the liquids in the instrument under 
the action of a pressure difference is then greatly magnified in the move- 
ment of the meniscus in the fine bore tube from a reference line engraved 
on the latter. This movement is counteracted by raising one bulb of the main 
U tube by means of a micrometer. A movement of the micrometer screw of 
0.001 in. moves the meniscus 1/16 in. in the fine bore tube, if the difference 
in specific gravity of the kerosene-ligroin mixture and alcohol is adjusted to 
be 0.0085. The necessity of maintaining the difference in specific gravity of 
the two liquids within rather narrow limits is emphasized in the description 
of the gage and would appear to be a disadvantage. It is stated that the 
gage is accurate and sensitive to a pressure difference of less than 0.0001 in. of 
water. 


DISCUSSION 


Dr. E. Vernon Hitt: The paper is a fine description of instruments and 
methods. If we discussed the pitot-tube or anemometer, we might spend the 
whole morning at that, especially if we got into this discussion of how to use 
the anemometer, which has been stirring up Chicago for the past four or 
five months. 

PRESIDENT Lewis: This is an important subject, because I do not think we 
have as accurate instruments for measuring air velocities and quantities as 
we should have, and I hoped that through this discussion there might be 
some light thrown on the subject of development. 

W. A. Rowe: The success of the use of the anemometer, besides the proper 
technique in its use, undoubtedly depends on the accuracy of calibration. From 
observations in the use of anemometers, more in coal mines than in buildings, 
where they are in almost daily use, it seems to me the greatest need is a 
convenient means for easy calibration, and I have suggested to one instru- 
ment man that if they could develop such a convenient, easy method it would 
be a great boon to those who have to use that instrument. Take a group 
of mines, where the anemometer is used so continuously, you will find that it 
is quite difficult to have to send it to some remote place and have it cali- 
brated and returned back without a chance of damage to the instrument and 
without delay. 

I know of some very interesting developments which are coming along right 
now, which will be brought out publicly in the near future, and that is the 
substitution of resistance wire for the anemometer for measuring extremely 
low air velocities, such as are encountered on register faces. 

Pror. F. E. Gresecke: We have recently completed an investigation to 
determine an acceptable method of ventilating hoods in chemistry laboratories. 
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The problem was to determine the arrangement of baffle plates at the back 
of the hood so as to secure a uniform distribution of air over the face of the 
hood. We solved our problem by stringing horizontal wires, about 12 in. 
on centers, across the face of the hood, and suspending, from the wires, paper 
flags about 4 in. by 6 in. The inclinations of the flags indicated the velocity 
of the air at the respective locations; the baffle plates were adjusted until all 
flags had the same inclination. The volume of air passing through the hood 
was measured by means of a device built according to a design by the National 
Air Filter Co. 

Pror. A. P. Kratz: We have had some experience at the University of 
Illinois with measuring air, particularly with the anemometer, and we find 
that the calibration in the anemometer must be made under exactly the same 
conditions as those for which it is going to be used. Any calibration made 
under artificial conditions will hardly apply under the conditions of use. 
For some of our work we have developed a tank on scales in which we weigh 
the air and calibrate the anemometers by making traverses of the register 
faces under exactly the conditions of use. In other cases we calibrate the 
anemometers against a Pitot tube, reducing the area of the pipe in which the 
Pitot tube is placed until we get velocities high enough to be measured 
by the Pitot tube, and in every case using at least twenty-point traverses with 
a Pitot tube. 

The point I wish to leave with you is that there is no easy way of cali- 
brating air-measuring instruments. They have to be calibrated under the 
conditions of use. 


F. C. Houcuten: The paper is a very valuable one in that it brings together 
various possible methods of measuring air flow. It is particularly timely for 
the entire heating and ventilating industry is very much interested in the 
subject at this time. In measuring air flow we can generally divide the 
work that may be done into two classes: measuring air flow in a confined space 
or duct and measuring air in the open, such as the discharge through a grille. 


The subject recently came to the attention of the laboratory through a 
study of the measurement of air flow through registers and grilles made by 
the Chicago Sheet Metal Contractors’ Association. A cooperative arrange- 
ment is being perfected now whereby the Research Laboratory, Armour Insti- 
tute, and the Chicago Sheet Metal Contractors’ Association will make a study 
of this entire subject. From the preliminary work already carried on there is 
an indication that we will get some very valuable data. The preliminary 
work already carried on shows that the method which the Society has been 
advocating is from 30 to 40 per cent in error, and that is quite a serious 
error when you consider that it is in the measurement of the air delivery 
of a ventilating system in a building. That error in method has continued 
for a number of years, and is another example of the fact that very frequently 
when an individual or authoritative organization takes a stand on a subject, 
the general public forgets about it and takes it for granted that because such 
a statement has been made by such an authority, it is a fact. Such cases, 
as a rule, hinder scientific progress. 


W. H. Carrier: I want to emphasize just what Mr. Houghten has said, 
not merely in reference to anemometer testing alone, but the whole thing of 
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having a committee, a technical committee to decide on what ought to be 
done, and then accepting the thing as a code, when we have a Laboratory. 
That was done before we had a Laboratory, but now that we have a Laboratory, 
I think we should be much more cautious than we have been in the past, 
and this is a very good indication of why we should be cautious in accept- 
ing data because, academically, we think it ought to be so, and so, rather 
than basing it on real tests at our Laboratory. That is where the Bureau 
can render valuable service. We have not gone into this question on anemom- 
eter air measurements before. That is a much needed thing. 

PresipENtT Lewis: We appreciate that suggestion and will refer it to the 
Research Committee. 

E. D. MiLener: Emphasizing what Mr. Carrier just said, when testing gas 
furnaces in the American Gas Association, we ran up against the question 
of the accuracy of measurements of air passing through furnaces and through 
the ducts. At first they were based on anemometer readings, Pitot tube read- 
ings, etc., but we realized that we were 20 or 30 per cent inaccurate, which 
checks with the experience of one of the previous speakers. We then de- 
cided that the only way to get accurate measurements was by the Thomas 
meter, so the American Gas Association Laboratory has now very well 
equipped apparatus which depends upon the volume of measurements of all 
the air passing through the furnaces and through the ducts being measured 
by means of the Thomas meter, which is accurate to 1 per cent. 
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FIVE SUGGESTED METHODS OF APPRAISING 
INSULATIONS 


By Paut D. Cross’, New York, N. Y. 
MEMBER 


HE insulation industry is growing rapidly. New materials are being 

developed constantly, and the insulation idea is becoming more and 

more popular through intensive advertising and promotion. Unfortunately, 
however, the public in general does not have sufficient knowledge of the 
meaning of the word insulation to be able to differentiate between insulating 
materials and those not entitled to this classification. The result is that many 
unwarranted claims are being made by concerns endeavoring to capitalize on 
the promotional work being done at the expense of the ignorance of the 
public of the subject of insulation. 

As an example, exceptional insulating qualities are claimed for a new 
building paper, but it is a fact well known to heating engineers that the heat 
resistance of building paper is so small that it may safely be neglected in 
heat transmission computations. Building paper is, of course, intended pri- 
marily to reduce air infiltration through a wall. 

An imitation marble about % in. thick is claimed to have high resistance 
to the passage of heat and cold. It is contended that a certain plaster board 
used in place of ordinary materials will result in a substantial saving in fuel 
and reduction in the amount of radiation required for a building. It is also 
stated that this product is more impervious to infiltration than other materials, 
although recent tests indicate that infiltration through almost any plastered 
wall is a negligible quantity. 

A corrugated paper % in. thick is promoted for insulation purposes, and 
it is claimed that thickness is not essential with this product. There are also 
other materials for which extravagant claims are made, which, although hav- 
ing relatively low conductivities, are not installed in sufficient thicknesses to 
result in an appreciable reduction in the heat transmission. 

In addition to the many unwarranted claims being made, there is an end- 
less amount of controversy over small differences in conductivities of insula- 
tions. Such differences are usually within the error of testing, and are insig- 
nificant when compared on the basis of over-all transmissions. It is certain 


1Technical Secretary, AMERICAN Soctety oF HEATING AND VENTILATING ENGINEERS. 
Presented at the Semi-Annual Meeting of the American Society oF HEATING AND VENTILAT- 
inc Encrneers, Bigwin Inn, Lake-of-Bays, Ontario, Canada, June, 1929. 
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that they are of far less consequence than other variables entering into heating 
calculations. This chaotic state of affairs suggests the need for a means of 
grouping or classifying insulations and for rating them. 

The following suggested methods are designed to serve this purpose, but 
should not be construed as standards, as they are merely offered for prelimi- 
nary consideration to encourage further thought on the subject. 


Taste 1—Svuccestep CLASSIFICATION OF INSULATIONS ACCORDING To CONDUCTIVITIES 



































Conductivity 
a h z f Insulati 
Rating = per | r ypes of Insulation 
——— « RRS Rigid Flexible Fills 
Class A | 0.30 or under | 7 Ib Corkboard Balsam Wool | Rock Wool 
10.6 lb Corkboard Cabots Quilt Sprayo-flake 
Torfoleum Dry Zero 
Hairinsul 
Hair Felt 
Keystone Hair 
Linofelt 
Themofelt 
(Hair and 
asbestos ) 
Class B | 0.301 to 0.35 | 7.3 lb Balsa Wood Fibrofelt Cranulated Cork 
elotex Flaxlinum 18 Ib Thermofill 
14 Ib Corkboard 
Inso Board 
Insulite 
Masonite 
Maftex 
Class C | 0.351 to 0.40 | 8.8 lb Balsa Wood Themofelt 
Homasote (Jute and 
Lith asbestos ) 
Rock Cork 
Thermosote 
Class D | 0.401 to 0.50 12 Ib Insulex 
12 lb Pyrocell 
24 lb Thermofill 
Class E | 0.501 to 0.60 | 20 Ib Balsa Wood 18 Ib Insulex 
Magnesia 18 lb Pyrocell 
26 Ib Thermofill 
34 Ib Thermofill 
Class F | Above 0.60 Not Classed as Insulations. 











GROUPING OF INSULATIONS By CONDUCTIVITIES 


The first suggested method of classifying insulations is to group them accord- 
ing to their conductivities as shown in Table 1. By this method, all insulations 
having conductivities of 0.30 Btu per hour per square foot per degree Fahrenheit 
per inch of thickness or below, would be designated as Class A materials; those 
between 0.301 and 0.35, Class B materials; 0.351 to 0.40, Class C; 0.401 to 
0.50, Class D; and 0.501 to 0.60, Class E. Materials having conductivities 
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higher than 0.60 would not be classified as insulations. The classifications 
given in Table 1 are in most cases based on conductivities published in 
Table 5, Chapter 1, of the A. S. H. & V. E. Guine, 1929, using U. S. Bureau 
of Standards values where tests by this authority have been made. 

It will be noted that the materials in Table 1 are grouped according to 
types of insulation, namely, rigid insulations, flexible insulations and _ fills. 
Cork board and the board forms of insulation are classified as rigid materials; 
the so-called felts, quilts and soft materials are designated as flexible insula- 
tions, and the powdered, flaked and aerated materials usually confined be- 
tween the studding, joists, rafters or furring strips are designated as fills. 
Thus, pure cork board having a density of 7.0 Ib per cu ft would be a Class 
A rigid insulation, and hair felt a Class A flexible insulation. A cellular gyp- 
sum fill having a density of 18 Ib per cu ft, and a conductivity of 0.59 per in. 
of thickness, would be a Class D fill. 

One of the fallacies of the foregoing system is that it does not afford a 
true comparison between materials of different types of the same or different 
conductivities installed in different thicknesses. Neither is the manner of 
installation taken into consideration by this method. A Class C fill, if in- 
stalled between the studding in a thickness of 354 in. may reduce the heat 
transmission of a certain wall to a greater extent than a Class B rigid insula- 
tion, or a Class A flexible insulation. Similarly, a Class B flexible may be 
more effective than a Class A rigid, due to the manner of installation. 


CoMPARISON BY RESISTANCE METHOD 


The second proposed method which has no bearing on the first one, would 
classify insulations according to the total heat resistance they add to a given type 
of construction, thus giving consideration to the conductivity as well as the thick- 
ness installed. Suggested classifications according to this method are given in 
Table 2. A 1-in. thickness of a rigid insulation having a conductivity of 0.33 Btu 
per hour per sq ft per deg Fahrenheit per inch of thickness, would add a re- 

1.0 


sistance of —— or 3.03 and would therefore be a Class H insulation. A 1-in. 
0.33 
thickness of a flexible insulation having a conductivity of 0.27 Btu per hour per 


square foot per degree Fahrenheit per inch of thickness, would add a resistance 
1.0 





of or 3.70, and would therefore be given the same classification in this case. 
0.27 

If a fill having a conductivity of 0.50 Btu per hour, per square foot, per degree 

Fahrenheit per inch of thickness, is installed between 2 x 4 in. studding, the actual 
3.625? 

heat resistance of the thickness installed would be ————— or 7.30, and 
0.50 

this material would then be given the Class D rating according to Table 2. 

The chart (Fig. 1), which is based on the ratings given in Table 2, may 

be used for determining the resistance and classification of any insulation ac- 

cording to the conductivity and thickness installed. 


# 3.625 represents the actual width in inches of 2 x 4 in. studding. 
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Fills are usually installed so that an air space is entirely filled, thereby can- 
celling the insulating effect of the air space, which, for purposes of comparison 


# 


“ 3) 


12) 






F = 
ationas Installed 


Thickness of Insulationas Installed — inches 
7 
fication of Insul 











CHART FOR DETERMINING CLASSIFICATION OF I NSULATIONS ON Basis or Heat RESISTANCE INSTALLED. 





8 8 9° 

oo : g 3 3 
$s9u72143 youl sed ayoy -bep sad “7 -be wed uy vad Ng 
uolyonsuy fo AzA1ZONpuod 


os 


Fic. 


should be deducted from the resistance of the installed thickness of the insula- 
tion. On the other hand, rigid and flexible insulations may be applied so as 
to create one or more additional air spaces, or a rigid insulation may be used 
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in place of other building materials. To be strictly correct, therefore, any 
comparison on.the basis of resistances should also take these facts into con- 
sideration. 


PERCENTAGE REDUCTION IN HEAT TRANSMISSION 


The resistance method of comparison or classification may be objected to on 
the grounds that such a method is an indirect one and does not indicate the 
true relationship between two materials as installed from the standpoint of 
effectiveness. 

Resistances afford an easy method of comparison because they are additive, 
but unfortunately they do not tell the complete story. Neither are conduct- 
ances (the reciprocals of resistances) of the actual thicknesses installed (Table 
3 and 4) correct indices of the relative merits of insulations, even consider- 
ing air spaces and other factors. Hence, it seems logical that exact compari- 


TABLE 2—CLASSIFICATION OF INSULATIONS ACCORDING TO HEAT RESISTANCE OF 
THICKNESS INSTALLED 











Rating Heat Resistance Added 
Class A 10.01 or more 
Class B 9.01 to 10.00 
Class C 8.01 to 9.00 
Class D 7.01 to 8.00 
Class E 6.01 to 7.00 
Class F 5.01 to 6.00 
Class G 4.01 to 5.00 
Class H 3.01 to 4.00 
Class I 2.01 to 3.00 
Class J 1.01 to 2.00 





sons should be made between over-all transmissions of insulated and uninsu- 
lated constructions. 


The third suggested method of classification, therefore, involves the prin- 
ciple that the degree of insulation obtained approaches 100 per cent as the 
heat transmission coefficient approaches zero. In other words, a material 
installed in a sufficient thickness or having a sufficiently low conductance for 
the thickness installed to reduce the heat transmission to a value approaching 
zero, would have an insulating value approaching 100 per cent. This relation- 
ship is expressed by the formula: 

U, — U, 
E = 100 (——————_-) per cent 
oO 
where— ; 

E = Efficiency of the thickness of insulation installed, or the percentage 
reduction in heat transmission.® 

U. = Coefficient of transmission of the uninsulated construction; 

U, = Coefficient of transmission of the insulated construction. 

% The value of E is not an index of the percentage saved of the fuel or radiation required to 
heat a building. The percentage saved of the total heat losses obtained by insulating “the walls 


and/or roof of a building must necessarily involve all of the heat losses, including the infiltration 
losses and the transmission losses through glass. : 
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Theoretically, a perfect insulation would reduce the heat transmission through 
a wall or roof to zero, and would, therefore, be classified as a 100 per cent 
insulation. The degree to which a 100 per cent insulated construction is 
obtained by any given thickness of a material of a certain conductivity would 
govern the classification of the material. Suppose, for example, the unin- 
sulated construction were a frame wall, consisting of wood siding, building 
paper, wood sheathing, studding, wood lath and plaster, having a coefficient 
of transmission of 0.227 Btu per hour per square foot per degree Fahrenheit. 
(Table 8-A, p. 33, Chapter I, the A. S. H. & V. E. Guipe, 1929). If the sheath- 
ing, building paper and lath of this construction are replaced with two % in. 
thicknesses of a rigid insulation, the heat transmission will be reduced to 
0.157 Btu per hour per square foot per degree Fahrenheit, and the value of E for 
this material in this case would be— 

0.227 — 0.157 
100 = 31 per cent.’ 
0.227 

If, instead of the rigid insulation being used in place of the sheathing and 
lath, a 1l-in. thickness of a flexible insulation, having a conductivity of 0.27 
Btu per hour per square foot per degree Fahrenheit per inch of thickness, is in- 
stalled between the studding, the coefficient of heat transmission will be 0.104 
Btu per hour per square foot per degree Fahrenheit per inch of thickness, and E 
for the thickness of this insulation installed, for the manner of installation and 
for the construction, will be— 

0.227 — 0.104 
100 « = 54.3 per cent.? 
0.227 
If the spaces between studding are filled with a cellular gypsum fill, the heat 
transmission coefficient will be 0.110 Btu per hour per square foot per degree 
Fahrenheit, and the efficiency of the insulation or the value of E in this case will 
be— (0.227 — 0.110) 
100 « = 51.5 per cent.® 
0.227 

By this method, insulations could be rated on a percentage basis or classified 
in a manner similar to that shown in Table 5. 

Recent experiments conducted at the University of Illinois show that as 
the heat transmission coefficient of a ceiling is decreased by the addition of 
insulation, the temperature of the air at the ceiling is increased and the tem- 
perature above the ceiling is decreased, thus tending to offset, in a measure, 
the effect of the insulation. Hence, although one insulation may reduce the 
heat transmission through a ceiling or a roof twice as much as another, it 
will not be twice as effective because of the increase in the heat head or tem- 
perature difference. Therefore, accurate comparisons involving overall trans- 
missions of constructions should take account of this fact, the importance of 
which cannot be overemphasized. 











RATING ON Basis oF Cost PER UNIT oF RESISTANCE 
Thus far no consideration has been given in this paper to costs. Heating 


* The value of E is not an index of the percentage saved of the fuel or radiation required to 
heat a building. The percentage saved of the total heat losses obtained by insulating the walls 
and/or roof fe building must necessarily involve all of the heat losses, including the infiltration 
losses and the transmission losses through glass. 
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engineers are usually concerned with the matter of insulation primarily from 
the standpoint of the proper design and functioning of the heating system. 
But whether the engineer or some one else is the deciding factor in the 
selection of the insulation, an intelligent comparison cannot be made unless 
some consideration is given to costs, assuming that all materials involved are 
suitable for building purposes. 

Neglecting all other factors but cost of insulation, thickness and the con- 
ductivity, it is possible to obtain a comparatively simple basis for comparison, 
namely, the cost per unit of resistance. For example, a so-called rigid insula- 
tion, such as cork board, having a conductivity of 0.30 per in., and costing 

0.30 « 15 
15c per sq ft per 1% in. thickness, would cost —-————— or 3c per sq ft 
1.50 


per unit of resistance. A ™% in. thickness of a flexible insulation having a con- 


TABLE 5—CLASSIFICATION OF INSULATIONS ON Basis or ErriciENcy oF INSULATION 
FoR ANY SpeEciFIC TyPE oF CONSTRUCTION 














E 
RaTING 
100 x (U,—U,) 

Uo 
Class A 90% .to 100% 
Class B 80% to 90% 
Class C 70% to 80% 
Class D 60% to 70% 
Class E 50% to 60% 
Class F 40% to 50% 
Class G 30% to 40% 
Class H 20% to 30% 
Class I 10% to 20% 





ductivity of 0.27 Btu per hour per square foot per degree Fahrenheit per inch of 

0.27 « 45 
thickness, and costing 4%4c per sq ft would cost ——————or 2.43c per sq 
0.50 
ft per unit of resistance. A fill having a conductivity of 0.50 per in. and 
0.50 « 16 
costing 16c per sq ft for a thickness of 354 in. would cost —-————— or 2.2c 
3.625 
per square foot per unit of resistance. 

A more accurate scheme for rating insulations, according to the cost per 
unit of resistance, would be on an installed basis, by which consideration would 
be given to the cost of installation, as well as the effective resistance of the 
insulation as applied, thus allowing for any increase or decrease in the number 
of air spaces in the construction, and for any materials replaced by the insula- 
tion. In many cases the cost on an “installed” basis would be comparable to the 
cost on the material alone basis, but in other cases there would undoubtedly 
be considerable difference. 
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RATING ON Basis oF EcoNOMIC VALUE 

One insulation may reduce the heat transmission of a certain construction 
to a much greater extent than another, but if the cost of the one greatly exceeds 
that of the other, the monetary value of the additional heat saving of the 
more expensive insulation may not be sufficient to justify its use; in fact, 
the more expensive insulation may actually be an extravagance when con- 
sidered from the standpoint of return on the additional investment required. 

To further illustrate this point, suppose the heat transmission of a certain 
uninsulated wall to be 0.25 Btu per hour per square foot per degree Fahrenheit, 
and that one type of insulation installed in the thickness in which it is usually 
applied will reduce the heat transmission to 0.15 Btu per hour, per square foot, 
per degree Fahrenheit, and another type will reduce it to 0.12 Btu per hour per 
square foot per degree Fahrenheit. The fuel saving in the former case is estimated 
to be 1.26* tons of coal per 1,000 sq ft of wall area per heating season, and 
would have a value of $12.60 per year based on coal at $10.00 per ton. The 
fuel saving in the case of the material which will reduce the heat transmission 
to 0.12, is estimated on the same basis to be 1.64* tons of coal per heating sea- 
son, and would have an annual value of $16.40 if the price of coal is $10.00 
per ton. If the costs of the two insulations as installed are $100.00 and $200.00, 
respectively, per 1,000 sq ft of wall area, the former will result in a return 
on the investment of 12.6 per cent, and the latter 8.2 per cent, disregarding 
radiation saving, depreciation, etc. The more costly insulation in this case 
will save only 0.38 tons of coal per heating season more than the less expensive 
insulation, representing an additional monetary return of only $3.80 per heat- 
ing season at an additional cost of $100.00. The return on the investment 
of the more expensive insulation is therefore only 3.8 per cent, as compared 
with the first, and from the economic standpoint, would not justify the use of 
the more expensive insulation in this case. 

Obviously, the more costly the fuel, the greater the thickness of insulation 
required to obtain the proper economic balance. For gas and electricity, a 
well insulated wall is an economic necessity. For less expensive fuels, how- 
ever, more insulation than will result in an adequate annual return on the 
investment is a waste of money, if in determining this return all of the tan- 
gible savings accruing from the use of the insulation are taken into con- 
sideration. This does not mean that the higher the return on the investment, 
the better the material, because the initial thickness of any given insulation 
will produce a higher return on the investment than any equal subsequent 
thickness. In other words, each increment of insulation applied, will result in a 
smaller return on the investment than the preceding increment, assuming 
that the installed cost of each additional increment is the same. This is some- 
times called the law of diminishing return. Although the return diminishes 
with each unit of thickness of insulation added, several thicknesses of a given 
form of insulation may be warranted for a certain type of construction. Of 
course, few forms of insulation are not susceptible of application in progressive 
thicknesses. 

There is, however, a practical economic limit to the amount of insulation 
that should be installed for any given type of construction, and for any given 
set of conditions. Hence, in order to classify insulations according to their 





“Based on a heating season of 5040 hours, an average temperature difference of 30 F, 
12,000 Btu per pound of coal and an overall efficiency of the heating system of 50 per cent. 
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economic values, it would be necessary to consider the type of construction 
involved in each case, the conductivities, costs and thicknesses of materials, 
fuel and radiation savings and their monetary values, depreciation and other 
factors. It seems apparent, therefore, that the problem of properly classifying 
insulations from the economic standpoint and of determining the optimum 
thickness, becomes too involved to lend itself to a simple solution. 


CoNCLUSIONS 


There is an apparent need for a method of appraising or evaluating insula- 
tions. To establish a fair and equitable basis for comparison, however, does 
not appear to be an easy matter. In order to encourage further thought on 
the subject, five plans are suggested. The first is based solely on conductivities 
per inch of thickness. The second is a resistance method taking into account 
the thickness in which the insulation is installed. The third plan is intended 
to rate insulations according to the extent to which they reduce the rate of 
heat transmission through a wall or roof, and, therefore, involves the type of 
construction, the thickness of insulation and the manner of installation. The 
fourth scheme would rate insulations according to the cost per unit of resistance, 
either for the material alone or on an installed basis. The last plan suggests 
the possibility of appraising insulations according to the return on the invest- 
ment. 

It is evident that this subject is one which warrants further study for the 
purpose of rationalizing the rating and classification of insulations and. elimi- 
nating quibbling over small, insignificant differences in the conductivities, 
which is so detrimental to the progress of the insulation industry. 


DISCUSSION 


H. B. Linpsay (Written): I think it is probable that my appreciation of 
the earnest and practically expressed plea for a competent method of appraising 
insulations, so well advanced by Mr. Close, is shared by all who have heard it. 
It is only my regret that I shall not have the opportunity of hearing it with 
the added force of the earnest personality back of it. 

In the following comments I would ask you to bear in mind that what re- 
search I have been able to do, has been in the low temperature but high duty 
field where insulation is—or should be—supreme, and every tenth of a Btu per 
hour may make an overall difference of many hundreds of thousands of dollars 
a year. 

As Mr. Close very properly points out, in the insulation of residential build- 
ings we need not be so meticulous, for we have both a considerable degree of 
insulation effect present in the uninsulated wall itself, and a comparatively large 
and unavoidable heat leakage in any event through windows, doors, ventilation 
and through the structural material. These conditions are largely the opposite 
to those of refrigerative work. 


This situation renders the economic limits of insulation in the two fields, 
though alike in principle, so utterly divergent in degree, that I do not believe 
the same basis of evaluation can reasonably be used for both. I would therefore 
respectfully suggest that the whole matter might well be indicated as referring 
to the ordinary building field rather than the refrigerative. 
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Before briefly discussing the possible difficulties involved in attaining the end 
designed in this paper, permit me to strongly compliment Mr. Close on his 
gently caustic references to ridiculous insulating claims that are all too often 
made for materials of many sorts, claims not remotely related to fact. As one 
who has worked a good many years to arrive closer to the facts of insulation, 
I could wish Mr. Close had dealt more caustically and less gently with such 
perverters of—or at least triflers with—fact. 

Mr. Close indicates five suggested methods for classifying insulants. He 
rightly points out that more factors than just insulating efficiency should be con- 
sidered in such a classification. Indeed, I suppose that the ultimate nature of 
this classification should be such as to enable an Architect to select the most 
suitable insulants for a given building with given structure and under given con- 
ditions. 

But what does this mean? Essentially it means indicating those materials 
which will procure the greatest possible reduction of total or overall heat trans- 
mission with the least possible investment. To reach this desirable mean, how- 
ever, involves more factors than insulation value and cost. We are considering 
an insulation intended to retain its efficiency for a long period of years. We 
must therefore also look for permanence, and this in turn is affected by both 
inherent and climatic conditions. 

With such factors included, then as far as essential method of rating goes, 
I for one am willing to agree with Mr. Close that the most desirable probably 
lies with his suggested methods 4 or 5. It seems to me, as a matter of fact, that 
method 5 is simply method 4 with the economic limit introduced. Is it necessary 
to introduce this? Won't that factor vary to some extent with locality and in- 
dividual? In any event, under method 4, cannot the Engineer, the Architect, 
or even the Owner (if he is in the picture) figure out his economic limit if 
he has the ratings of the various suitable insulations and the cost per unit of 
resistance? ‘This cost, however, should include the normal cost of application, 
and, in the case of the board insulations, their total resistances for successive 
thicknesses, both when installed in contact or with intervening air spaces. 

Such a table I believe would have value, but I believe that it can only be 
made usefully accurate by much and patient testing under the actual conditions 
of use. This is undoubtedly an admission that in the complete formulating of 
our science in insulation, we have a long way to go. But it is sadly true. Let 
me give you a few instances of this which indicate the necessity of such tests 
to be made under the condition of use. 

We speak of air spaces between sheets of insulation or between them and 
the inner faces of the wall. If horizontal these, of course, have a marked effect 
when heat is endeavoring to penetrate downward. But in the side wall or slop- 
ing roof, the refrigerating engineer at present allows an hourly resistance of 
0.50 for each surface of material on the two sides of that air space—provided 
it is % in. or more, or 1 in. or more, as his training may indicate. He does 
not consider the nature of the surfaces exposed to that air. 

Along the same thought, when Dr. Lisse of the Sprengluftgesellschaft of 
Berlin came to see how we had so successfully insulated the liquid oxygen 
soaking chests for their interesting explosive in this country, he told me they 
were using in Germany sheets of metal foil for insulation. 


As applied to the possible table under discussion, the chances are that the 
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classification of the various exposed insulation surfaces (where air spaces were 
involved) would be the same and the variation slight—but we should make 
doubly sure by proper test. 

Again, for such a table of classifications, the actual effect of increasing thick- 
nesses of the same material should be determined by test. I will suggest that 
the curve of resistance for the increasing thicknesses (excluding any external 
resistance) will be found parabolic rather than straight, as we all usually assume 
in our computations. The actual deflection of this curve from the straight 
curve for resistance when considered exactly proportional to thickness, may 
well prove sufficient to throw a certain thickness of any insulation out of ex- 
pected line. 

There is the factor of heat passage through the structure of a wood frame 
building. With 2 x 4 studs spaced 16 in. centers, not to mention sills, plates, 
braces, etc., with a conductivity of about 0.3 (allowing for considerable mois- 
ture content), one sees at once that under some conditions of application this 
becomes a levelling factor between different efficiencies of the insulation, while 
in other applications it is negligible. 

Another factor is the upsetting effect of moisture absorption. We are prone 
to calculate our transmissions on the basis of conductivities ascertained in a 
nearly bone dry condition, a condition never obtained during construction or 
subsequently. With an outside temperature of 0 F and inside of 70 F, particu- 
larly when the inside air is conditioned, the walls and their insulation will cer- 
tainly acquire considerable moisture content in time. Prof. L. F. Miller of 
the University of Minnesota has very ably shown the effect of varying moisture 
content on the conductivities of a number of the more used insulations. He 
shows that with the additional absorption due to a change of only 10 per cent 
in relative humidity of the involving air (taken, for example, at 70 F) conduc- 
tivities of the materials shown increase from 2 per cent to 2% per cent. This 
is, of course, all below the dew-point temperature. The actual establishment of 
dew-points in insulated house walls may not be entirely far-fetched in view of 
the general lack of any real moisture seal on the inner side of the insulation 
space. 

I may possibly seem to be too particular in digging up these various com- 
plexing factors and variants. But we are discussing a method of appraisal of 
materials for uses which undoubtedly involve these details. Such an appraisal 
or classification would be useless—nay perhaps an unintentional injury, unless 
it was accurate for actual use. Even so, two materials might actually exchange 
classifications under markedly different climatic conditions. 

The point I would most respectfully urge is that in undertaking such a classi- 
fication we are contending with a number of varying conditions which do not 
obtain in the naturally more exact practice of refrigerative insulation. And 
that the safe method of proceeding is by careful and competent tests under the 
actual conditions of use, just as far as that is practicable. 

H. J. Scowerm (Written): This paper is greatly needed in the Industry 
at this time. The world is /nsulation conscious. It is, however, only conscious 
of the fact that houses should be insulated. How to appraise the different types 
and kinds of insulation is unknown to them, and the advertising of insulation 
manufacturers only tends to confuse them. 

What the home owner is interested in, is what percentage of reduction of 
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heat loss through the wall the various types of insulation will provide. Plan 
No. 4 suggestion by Mr. Close gives the cost per square foot per unit of resist- 
ance, but to a layman what does unit of resistance mean. Also this plan does 
not take into consideration the manner in which the insulation is used. Is it 
substituted for some other material that has insulation value, is it placed in the 
center of the wall so as to provide two additional surface factors, or does it fill 
the entire space and cut out two surface factors? I do not see how insulating 
materials can be compared except on the basis of transmission through the com- 
pleted wall. 

There is no direct relationship between the conductivity per inch of thickness 
of an insulating material, and the heat loss through the wall in which that in- 
sulating material is used. By that I mean simply because the conductivity of 
one material is one half that of another it does not follow that the heat loss 
through the wall is twice as much in one case as in the other. Still, when com- 
parison between two insulating materials made in the public press are based 
on the conductivities of these materials, the layman or home-owner obtains 
the impression that the heat loss through walls in which these materials are 
used will vary as two to one. Nothing is further from the truth. When com- 
parisons are made based upon the hot plate test, the conductivities are given per 
inch of thickness regardless of the commercial thickness of the respective mate- 
rials, and no consideration is given to the manner of installation. As an ex- 
ample, assume that in Wall A an insulating board % in. thick with a conduc- 
tivity of 0.30 per inch is used as sheathing, and in Wall B a 1 in. thick board 
with a conductivity of 0.60 per inch is used in the center of the wall between 
the studs. 

Based on conductivities the insulating board used in Wall A is twice as effi- 
cient as the one used in Wall B. However, due to the difference in thickness 
of the board, and in the manner in which they are used, the coefficient of trans- 
mission through Wall A is 0.19, and through Wall B is 0.132. In other words 
the insulating material that is one half as efficient as the other based on the 
difference between their conductivities is in reality 50 per cent better when con- 
sidering the heat loss through the wall, or if these two insulating materials are 
appraised in accordance with the third plan suggested by Mr. Close the insula- 
tion material used in Wall A is but 16 per cent efficient, while that used in 
Wall B is 41 per cent. efficient. My contention is that advertising listing com- 
petitive insulations showing conductivity per inch of respective materials re- 
gardless of the commercial thickness, or manner in which used gives the con- 
sumer an erroneous impression of the respective values of the materials adver- 
tised. Conductivity determined by the hot plate method is not a true measure 
of the insulation as surface coefficients, infiltration, etc., are ignored. Com- 
parisons in my opinion must be based on the relative transmission through the 
completed wall, as suggested by method 4 of this paper. 

J. H. Bracken: I think a little reflection on the arguments advanced in this 
paper will show that the difficulties are sales difficulties ; that some of the manu- 
facturers who speak about advertising by other manufacturers and their 
claims of value, are seeking some easy method whereby they may be spared 
the necessary expense of telling the public what their own sales qualities are. 

The manufacturer who complains about the other manufacturer has a golden 
opportunity of setting himself right with the public. All he has to do is to 
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spend an equivalent sum of money for advertising and to hire an equivalent 
number of salesmen and devote his attention to telling the public through these 
channels what his own insulation can do. I don’t think we should forget this 
point, because it is behind, in my opinion, this entire discussion. 

I should like to say a word about the hot plate test, although you understand 
that it needs no defense from me. The hot plate test is a method—the best one 
we know, I think—for determining the conductivity of a homogeneous material. 
The results obtained of necessity have to be expressed in a standard thickness, 
a standard area, under standard conditions, else no comparison is possible. 
That test has been adopted not only by this Society, but by the Bureau of Stand- 
ards, the National Research Council, the American Society of Refrigerating 
Engineers, and I think without exception by every technical school in the 
United States. If that hot plate test is too grossly material, so to speak, for 
some of these insulating materials, because it does not reveal the hidden spiritual 
qualities that some of them have, it is the duty of the manufacturers of those 
materials to explain such spiritual qualities at their own expense. 

This is a valuable paper for the personal study of an engineer since it sug- 
gests various factors that may be considered in the purchase, for a particular 
use, of a particular insulating material but I am much opposed to the principle 
on which the paper is based and I am of the opinion that it tends to aggravate 
the malady it aims to cure, namely to prevent ordinary building materials from 
masquerading as insulations. 

I think this Society may well say that an insulation shall not possess a con- 
ductivity greater than 50 per cent of that of lumber for an equivalent thickness. 
Such a definition would admit all of the manufactured insulations and exclude 
claims of old well known building materials which are advancing insulation 
arguments because of large insulation advertising and for no other reason. 

Some such result, it seems to me, is what this paper set out to achieve since 
the introduction definitely states that the purpose of the paper is to help to 
differentiate between insulating materials and those not entitled to this classi- 
fication; further, that there are controversies over small differences in con- 
ductivities of insulation which are usually within the error of testing. The 
proof, however, shoots far beyond this prospectus. In order to prevent com- 
mon building materials from calling themselves insulations, the author would 
precipitate a war among insulation manufacturers. To prevent the rebels from 
winning he would kill the loyalists. For you may be certain that the publica- 
tion by this Society of Table 1, elevating certain insulations into a preferred 
Class A will be followed by serious consequences, and in my opinion serious 
injustice will be done to the insulation industry. 

An insulation is not a simple thing like a metal which can set in a table of 
conductives but is a very complex material. Its conductivity value is only one 
quality it possesses and that may not be the most important quality for many 
uses but may be over-balanced by strength, or sizes of pieces, or availability, 
or appearance, or capacity for easy handling, or capacity for ornamentation, or 
for other reasons and qualities. You may as well endeavor to classify hats or 
overcoats on the basis of weight, putting a carters coat into Class A and a rain 
coat into Class F. 

The harm resulting from the publication of such a table is manifest. Outside 
of this room and away from the presence of men who understand that Table A 
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relates to conductivities only, it will be said that this Society has conferred the 
D. S. C. on Class A and all other insulations are inferior. 

You cannot escape that and I do not think you have the right to do it. This 
Class A relates to three of the five suggested methods of appraising insulations 
because conductivity, resistance, and conductance are intimately related. What 
are we to say about the fourth and fifth suggested methods of appraisal in which 
the factor of price is added to conductivity and an economic value of the return 
on the investment introduced so that insulations in Class A of the first method 
may be found in Class D or Class F of the fourth and fifth methods. 

To sum up, I am opposed wholly to the principle of this paper which seeks 
to establish for the engineer a buying rule of thumb to direct him in the specifi- 
cation or purchase of these materials. THE Guipe provides for the engineer all 
the data shown in this paper and the manufacturers may be trusted to present 
costs and sales qualities and necessary sales services and they should be let 
strictly alone in these activities. 

The principle to which I object in this paper is that it introduces buying 
advice, or commercial practice into a technical discussion by inference at least. 
What this Society should seriously set out to do is what this paper purported 
to do, namely, set down a clear definition which will distinguish insulating 
materials from those materials which falsely claim to have insulating value. 

J. D. CasseLt: The last paper covered the point very well. I do not think 
it is the function of this Society or its Research Bureau to go into testing the 
material in a building, because I may install in one way that would be detri- 
mental, and my competitor install in another way that would be beneficial, we 
cannot reach out that far. If we define the densities—if that enters into it; I 
am not technical enough to understand that—if we define the densities of each 
product as manufactured, and then the resistance through that product or to 
that product, I think our Research Bureau has gone far enough. We cannot 
hope to control installation, nor can we hope to control manufacture, other than 
by, as I said before, the density of the product and its insulation qualities. 

F. B. Rowiey: Mr. Chairman, I would like to say just a word about this 
paper. It seems to me there is no question in most of our minds that there 
is some confusion in the methods of rating insulating materials. To the man 
who is not familiar with the units in which conductivities are expressed, it is 
rather confusing to compare materials of different conductivity and of different 
thickness. The purchaser is often allowed to overlook the fact that materials 
are rated on the basis of one inch in thickness, and not on the thickness as sold. 

While there are plenty of data available for the man who is familiar with 
the insulating materials, to make comparisons, I believe that for the average 
man, it would be less confusing if materials were rated either on the conductance 
or total heat resistance as sold. This would give the purchaser a measure of 
the actual insulation he is buying. 

If materials were to be rated on the basis of A, B, C, etc., the problem would 
then be to define the values of these ratings. The values might be made up 
on a heat resisting basis, in which case an arbitrary line would have to be 
drawn between the different grades. There is no logical reason why a material 
with a conductivity of 0.30, for instance, should be placed in Class A while one 
with 0.32 as its value might be placed in Class B. The second material might 
on the whole be of a superior quality, yet in the public mind it would be rated 
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as inferior. As an alternaiive, let us suppose that other qualities are also con- 
sidered. Which ones will be counted and to what extent? Insulating materials 
have qualities of strength, rigidity, flexibility, porosity, ability to withstand 
water, resistance to deterioration, economic value, etc. How many of these 
qualities and to what extent should they be considered in making a classifica- 
tion? Each of these qualities have definite measuring units which are more 
or less clear in the public mind. It seems as if it would be a mistake to group 
them under a single classification or to try to devise a new single standard 
which would require a new definition. It is doubtful whether or not any rating 
could be devised which would meet with anything like unanimous approval. The 
problem is too complicated and has too many variable factors. An attempted 
solution might make the condition worse and not better. Such an arbitrary or 
combination unit might be made up to fit one main requirement, but it could not 
serve all requirements. I think that the paper has done what its author prob- 
ably intended for it to do; to stir up some discussion on this question, and to 
bring out some of the points where we are at a difference on the rating of 
materials. 

Homer R. Linn: I think we should give Mr. Close a vote of thanks for at 
least calling attention to the value of building insulation. I am frank in saying 
I question whether this paper will get us anywhere, because personally I do 
not see how any of his classifications can meet with the approval of the insulat- 
ing manufacturers and unless the work done along this line is done in con- 
junction with the insulating manufacturers, it will get no further than did the 
Boiler Testing and Rating Code Committee until they condescended to co- 
operate with boiler manufacturers. 

A couple of years ago I had the pleasure of serving on the Insulating Com- 
mittee of the Illinois Master Plumbers’ Association with Prof. Kratz and two 
other gentlemen. We did not attempt to determine the conductivity of the 
different insulating materials. However, we did put them in three classes to 
serve our purpose in making a study of the effect of building insulation on the 
heating system. We found that the same insulating material installed in dif- 
ferent ways had an entirely different effect on the heat saved. For instance, 
the manner in which this insulation was installed had a greater effect in most 
cases than did the conductivity per inch. I am inclined to think that the per 
inch thickness value probably is not the right value for the man to consider 
who is buying insulation. 

The Illinois Master Plumbers have published a pamphlet giving a suggested 
method for figuring the heating system of a house insulated in a number of 
different ways. This Bulletin has been widely distributed by them. Mr. Cassell 
wisely remarks that he is interested in the effect of what insulation does to the 
heating of his building rather than what classification the insulation falls in. 

I really think that something should be done in an earnest endeavor by this 
Society in the study of a proposed method of the valuation of insulation as it 
affects the heating system. I would like to suggest that a Committee be ap- 
pointed to make such a study. 

A. P. Kratz: It seems to me the whole matter is more or less one of sales 
psychology. To the engineer there is no confusion and it is a matter of indif- 
ference; so long as he has the fundamental constants he can make his calcula- 
tions and base his conclusions on whatever the results of his calculations are, 
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and make his comparison on that basis. When it comes to the psychological 
effect on the general public, I do not know that I am competent to draw any 
conclusions. 

J. D. SHopron: As a buyer of insulation, about 75 carloads a year, or from 
three to five million square feet per year, we are interested in another factor 
that has not been mentioned here, and that is, infiltration, or air in-leakage and 
out-leakage through an insulation. We find in our work where insulation is 
used in wall construction that the porosity of the material is a very important 
factor, and I would like to hear from Mr. Close whether that has been given 
any consideration. We have found some of the insulators to pass from one and 
one-half cubic feet of air per hour per square foot, to as high as 35 cu ft per 
hour per square foot, insulators having about the same Btu transmission per 
square foot per inch thickness. 

Now, if an insulation is made with a very dense surface on one side, it will 
reduce the amount of air in-leakage and thereby effect a considerable saving in 
heat. You can liken it to putting on a sweater and going out and facing a cold 
wind, and you will feel cold, whereas if you put on a light-weight, water-proof, 
air-tight raincoat, you could go out and face the same wind and be really com- 
fortable. If you could get the combination of the two you would have the benefit 
of both factors. I would, therefore, like to see that also be given some con- 
sideration when establishing the value of an insulation. 


G. T. Pearce: I might say in regard to the matter of insulation or application 
of insulation that in the more definite field of insulation, refrigeration, we al- 
ways make sure that the insulation is put in properly whenever we sell a cus- 
tomer. Now, whether it is feasible to do that through the general public, 
through distributors, I don’t know. We control all of our distribution points. 


Another feature that comes up is the matter of air infiltration through in- 
sulation. In our case we absolutely insist that a definite, fixed, and tight air- 
proof and moisture-proof seal is a part of the installation of the insulation, and 
that probably has brought up this question. There is not a building paper on 
the market today that in itself as an insulation is of any value. It may be so 
installed that it will set up a surface resistance to the passage of heat, but the 
material itself is of such thickness and such conductivity that in itself it can be 
absolutely ignored. 


L. A. Harpinc: It would be difficult if not altogether impossible to classify 
insulators on the basis of economic performance. The varying material and 
labor cost for installation in different parts of the country as well as the vary- 
ing cost of fuel might show that particular type of insulation to be economical 
one place, while another insulator would be the most economical one to employ 
in another place. 


I believe that conductivity and surface coefficient tables are all that is required. 
The economic problem is one for the engineers to solve in any specific case and 
not the owner or manufacturer of the article. The problem is simply this— 
Will this saving (fuel) due to the installation pay a sufficient return on the 
added investment required to make it worth while? This will depend on what 
the owner may require as to the return on his investment. Manufacturers when 
considering savings due to recovery of wastes (heat or materials) usually in- 
sist on a 15 to 20 per cent return. 
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PRESIDENT Lewis: It might be pointed out in this connection that if the 
Society were to undertake to classify insulation on the basis of its total installed 
cost with reference to its efficiency, the boiler manufacturers might be the next 
to come along and ask us to do that, and if so, we might as well disband the 
Society. 

Pauw D. Ctose: As I anticipated, there seem to be two sides to the story, 
those for and those against. It is my opinion that an insulation rating code 
is needed just as rating codes are needed for other materials and equipment 
used in the heating industry. Of course, from the strictly engineering or sci- 
entific standpoint, a rating code should not take into consideration costs in the 
method of rating, but in the selection of an insulation, cost of course is a factor. 
The opinions expressed in most cases were undoubtedly honest convictions, 
but it is not unlikely that in some cases the opinions expressed were influenced 
by how the individual might be affected by a method of rating. 

Mr. Schweim took exception to the fourth method suggested involving the 
unit of resistance, on account of the fact that the average person would not know 
what was meant by unit of resistance. I believe that also applies to all the 
phraseology used in connection with insulation. The average person does not 
know what it means. He also took exception to the fourth method on account 
of the fact that it does not take into consideration the manner in which the 
insulation is installed but that is taken care of in one of the other suggested 
methods. 

Mr. Bracken uses an analogy in connection with hats and articles of wearing 
apparel, stating that one might have some difficulty in appraising them, and 
that it would be just as logical to attempt to appraise insulations or rate them. 
Although it is true that there are certain things that are of such an intangible 
nature that it is difficult to rate them, on the other hand, there are some com- 
modities that very definitely are susceptible of being rated. The Society has al- 
ready established a boiler rating code, and others are contemplated. 

In the matter of infiltration, there is undoubtedly a considerable difference in 
the infiltration through various materials, but this is of minor importance when 
other things are considered. For example, the claim is being made that the 
infiltration through a certain material is ten times greater than through another. 
An analysis of these figures indicates that such comparisons are in most cases 
ridiculous; it is like saying that a match cost ten times more than a toothpick. 
Ten times more is a high ratio, but a match itself does not cost very much, so 
you can forget about both of them. Furthermore, even though a material is 
more or less porous when it is installed in a wall with the other materials, par- 
ticularly building paper or plaster, the infiltration usually is a negligible quan- 
tity. 

Mr. Harding intimated that the method of rating insulations on the basis of 
return on the investment was more or less complicated, and I am inclined to 
agree with him. If one endeavored to take into consideration every conceivable 
factor that might enter into the problem, it would become hopelessly compli- 
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avi tase 


No. 846 


TIME LAG AS A FACTOR IN HEATING 
ENGINEERING PRACTICE 


By James Govan’, Toronto, CANADA 
NON-MEMBER 


Resistance as used in determining heat transmission coefficients. 
Where the definition of Resistance as used is as follows: 

The Resistance, R, of material arranged in layers each of uniform thickness 
between parallel faces is equal to the number of degrees Fahrenheit difference in 
temperature of the faces required to maintain a rate of heat flow of 1 Btu per 
hour per square foot of area; me suggested alternative definition of Resistance 
would be: 

The Resistance, R, of material arranged in layers each of uniform thickness 
between parallel faces is equal to the number of hours required for 1 Btu to 
flow through 1 sq ft of area, when there is a difference of 1 F in temperature 
between the faces. 

Similarly, Surface Resistance would be expressed in hours for 1 Btu to flow 
through one square foot of surface, when there is 1 F difference between a fluid 
medium and the surface with which the medium is in contact. 

With the adoption of the suggested alternative definition of Resistance, there 
would follow a clearer perception of walls and roofs of buildings as blankets 
delaying, more or less effectively, the passage of heat through them, in addition 
to performing their more generally understood functions as protectors against 
wind, rain and snow, and providing privacy, carrying loads, etc. 

The secondary purpose of the paper is to call attention to the effect of the 
retention of heat in buildings having very greatly increased resistance to heat 
flow, when the calculations to determine the size of the heating plant are based 


TT chief purpose of this paper is to suggest an alternative definition of 


on the recommendations of the AMERICAN SocIETy oF HEATING AND VENTIL- 


ATING ENGINEERS’ GUIDE. 

The thought prompting the presentation of the paper by an architect is the 
need for a better understanding between engineer and architect of the mutual 
problems affecting not only themselves, but, more so, their clients. 
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TILATING ENGINEERS, Bigwin Inn, Lake-of-Bays, Ontario, Canada, June, 1929. 


539 








540 Transactions AMERICAN Society oF HEATING AND VENTILATING ENGINEERS 


Reasons for Suggesied Alternative Definition 


The mere fact that you have been so gracious as to invite an architect to pre- 
sent such a paper as this, indicates that some, at least, of the members of your 
Society are willing to study your work from the outsider’s angle, and that all 
of them don’t feel that you have to make your engineering data more difficult 
to understand in order to preserve for your profession the privileges of heating 
engineering practice. 

If by any chance your ranks are divided, like those of the medical profession, 
into two groups, one anxious to reduce the cost of service to the lowest pos- 
sible point, and the other resisting to the utmost any departure from the recog- 
nized and approved professional position, let me assure the latter that the more 
the public (and that includes architects) clearly understand the elementary fac- 
tors that govern your work, the more they will be willing to allow themselves 
to be guided by your members and less by unscientific individuals, who happen 
to know where to buy, on credit, boilers, pipe and fittings. 

If it be conceded then that there would be an advantage to the engineer, to 
the architect and to the public if there was a closer understanding between the 
engineer and architect, as to the service that can only be rendered by a com- 
petent engineer, the first necessity, in the creation of such an understanding, is 
that both parties should use language that both can understand. 

Now architects may be uneducated or pig-headed or lazy or conceited or they 
may be all four at once, but the fact remains that very few of them can or 
will take the trouble to understand even the definitions of the terms that you 
use in your studies of their buildings, to determine whether their walls, roofs 
and openings will leak heat like sieves or give their clients reasonable service 
for money expended. 

That this difficulty besets others than architects can be clearly demonstrated, 
if one tries to address a nontechnical audience on the subject of heat losses from 
buildings, because, under these circumstances, it becomes at once apparent that 
any attempt to use the language of the official Gu1pE produces such confusion 
of thought, as is evidenced every day in the advertising of the various insulat- 
ing materials now spread before us, not only in our technical journals but also 
in the daily press and even more so in the popular magazines. 

The modification of your accepted definition of Resistance, that I am sug- 
gesting for your consideration, is one that I was prompted to make several 
years ago to a small group of business associates, and its reception then, and 
since at a meeting of the Better Business Bureau in New York over a year ago 
and at a meeting of the Toronto Branch of the American Society of Mechanical 
Engineers, indicates that it had something of novelty and sufficient merit to 
provoke favorable comment. 

Whether your members may have considered the idea before I know not, but 
Tue Guipe 1929 continues to use the accepted definition, so I presume that so 
far as your own needs are concerned the official position is that there is no 
occasion for change. 

As in the case of the doctor’s Latin prescription, this attitude may serve a 
useful purpose between the professional engineer, who detects the defects in a 
building and prescribes accordingly, and his contractor colleague, who fills the 
prescription for the architect and his client to swallow. But when the broad- 
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casting of advice to the public is undertaken, Latin no longer serves the 
doctor in public health work and the simpler the language used by the engineer 
the more effective will his propaganda be. 

However, apart from all considerations as to whether your technical language 
needs to be understood by anybody outside the engineering profession, suffi- 
cient evidence is accumulating steadily to prove that the time factor, or the time 
lag, must receive more consideration in studying the heating problem in certain 
types of jobs that are increasing in number month by month. 

Before dealing with specific cases, let us imagine we are present at one of the 
preliminary meetings between a client and his architect and consulting engineer. 

The architect describes the kind of walls he proposes to use in the building; 
the client, who has been reading some insulation advertisements, asks if that 
will be an insulated wall; the engineer replies that the transmission coefficient 
will be 0.278 Btu per hour. 

The architect looks wise and is relieved when the client says, “What the 
‘Sam Hill’ does that mean?” 

Engineer: “That means that 0.278 British Thermal Units will flow through a 
square foot of wall when there is 1 F difference in temperature between the two 
sides.” 

Client: “Oh! is that so, well I think we should put something back of that 
wall to give us an air space.” , 

Architect: “Well, we could put some 2 in. hollow tile at the back and plaster 
it, what would that do?” 

Engineer: “That would give us 0.210 Btu.” 

Client: “Could we get anything better than that?” 

Architect: “Oh yes; we could put on some furring and then plaster on % in. 
insulating board.” 

Engineer: “That would give us 0.147 Btu.” 

Client: “Can we do any better than that?” 

Engineer: “Well, if we used a good thick insulation, say 2 in. thick, we 
would get 0.095 Btu and by using even thicker insulation we could go down 
as low as 0.05 Btu.” 

Client: “What do you think of it, Mr. Architect ?” 

Architect: “Oh, I don’t know, that 0.210 looks like a pretty fair reduction to 
me and I’ve used that kind of wall before, so I guess we had better let it go 
at that.” 

Client : “Well, whatever you say, boys, you know better than I do.” 

Suppose the engineer had told them that the difference between these five 
walls was that number one would pass 1 Btu per square foot, when there was 
a difference in temperature inside to outside of about 3.6 F, number two the 
same amount of heat, when there was 4.76 F, number three 6.8 F, number four 
10.52 F, and number five 20 F, would either the architect or the client have 
been much wiser? . 

But if the engineer had told them that, granted that the same temperature 
was maintained in the building, the amount of heat that would be wasted through 
the first wall in about 3% hours, would take 434 hours to get through the second 
wall, more than 634 hours through the third, 10% hours through the fourth, 
and 20 hours through the wall with the extra thick insulation, would the com- 
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parison have been more vivid and would there have been more study given to 
the economics of the whole question? 

These, of course, are hourly differences for one degree difference on the 
two sides of the wall. For parts of Canada having a mean temperature differ- 
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ence of 35 F between the inside of an average occupied building and the outside 
during a heating season of 210 days, these 5 Resistances could be expressed as 
6.17 min, 8.16, 11.66, 18, and 34.28 min respectively. 

But, inasmuch as the average person does not think of fuel in terms of a 
single Btu, the comparison might just as well be made in hours for enough Btu’s 
to equal about 1 Ib of coal—say, 12,000—and for an area of 100 sq ft of wall 
instead of 1 sq ft. 
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Then the figures would be 12.34 hours, 16.32, 23.32, 36, and 68.56 hours re- 
spectively, and thus we get a comparison based on values that mean something 
to any person of average intelligence. 

Even with that explanation, our clients would probably thank us more to tell 
them that these differences, under the climatic conditions described, mean a dif- 
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ference each season as between walls numbers one and five of approximately 
2% tons of coal for each 1,000 sq ft of wall built. 

While it is true that not many heated buildings, having a wall Resistance of 
20 hours, have so far been built, several jobs have come under my own obser- 
vation having that amount of resistance in roofs, and I have had personal ex- 
perience with several jobs having both wall and roof resistance of 15 hours. 
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Such a resistance would give a saving of about 2% tons of coal per 1,000 sq ft 
of wall built as compared with wall number one under the conditions outlined. 

Changing the understanding of Resistance to mean time instead of degrees 
difference in temperature does, I am satisfied, create a much more definite 
mental picture for a man, who can imagine himself going down to the furnace 
and putting a match to so many dollars worth of fuel. He can easily be made 
to realize that with a certain type of construction his dollar’s worth will last 
him, say, from 4 to 5 hours, and 15 or 20 hours with a different type. 


The Effect of Heat Retention in Practice 


So much then, for clearing up the misconceptions that arise through the use 
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of such terms as conductivity, coefficients of transmission, heat head or tem- 
perature difference, etc., etc., except when you are actually working at your 
desk or table or are gathered together at meetings of your society, the next 
point to be considered is what change, if any, does or will such high resistance 
make in heating engineering practice? Far be it from me to attempt to answer 
such a question. Your attention, however, is drawn to certain conditions that 
have been noted in some buildings and to the following considerations. 

Tue GuipE recommends that the outside temperature to be assumed in the 
design of any heating system must not be more than 15 F above the lowest 
recorded temperature as reported by the U. S. Weather Bureau during the pre- 
ceding 10 years for the locality in which the heating system is to be installed. 

Tue Guipe further stipulates that as the lowest temperatures recorded are 
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usually of short duration, these conditions can readily be taken care of by the 
heat capacity of the building itself. These recommendations must have been 
based on actual heating experience in buildings that have proved satisfactory to 
occupants over a considerable number of years. 


Inasmuch, therefore, as up till very recently, there were few heated buildings 
that had anything more than a layer of very thin insulation, the Resistance of 
the walls and roof of the average building would not probably exceed 5 hours. 


If that resistance has proved sufficient to take care of the assumptions your 
GuIDE recommends, does it not follow that when the resistance is doubled and 
in some cases quadrupled, your assumptions should be modified? 


From personal observation of a number of jobs during the past few years, I 
think it is fair to say that many members of your Society having good profes- 
sional reputations do not assume outside temperatures 15 F above the lowest 
recorded for a 10 year period, but prefer a more conservative figure from 5 to 
10 deg lower than the 15 deg margin would give. 

Some of your Toronto members, for instance, have assured me that, theo- 
retically, they could figure their work down to zero, but in actual practice they 
find that jobs so estimated are liable to give trouble several days in each season. 


Other so-called heating engineers with no professional reputation to lose are 
not so reluctant to take a chance and do figure down to about zero. When they 
deal with jobs having wall and roof resistances of 5 hours or even less, the results 
are generally bad whenever the outside temperature drops very much below zero. 

My contention is that the development of construction having resistances of 
10, 15 or 20 hours makes it possible for the most conservative and reliable en- 
gineer to assume that the heat retaining property of such buildings will take care 
of all possible contingencies below the point generally figured by his competi- 
tors. On the other hand, the irresponsible cut price individual—in Toronto for 
instance—would have difficulty in persuading his customers to let him figure 
to about 10 deg above zero, because temperatures of 14 to 16 deg below zero 
are recorded—unofficially—quite frequently in Toronto and neighborhood. 


It is unfortunate that, at the time of writing this paper, definite scientific 
data on support of my contention are not available in the form you are used 
to in the presentation of papers for your meetings. 

I do submit, however, the ground floor plan and details of wall and roof sec- 
tions, Figs. 1 and 1A and Fig. 2, showing a small office building in which I 
have had an opportunity of noting, pretty carefully, the operating results during 
the past winter. 

This building stands exposed on all four sides, has no storm sash or storm 
doors, single thickness Vita-glass in windows, weatherstripped. The sashes 
are of the superior type each sliding vertically, while it is also possible to pivot 
them from the bottom so that they open inwards at the top and thus provide 
ventilation without direct draft on anyone sitting close by a window. 

I mention this detail because it has a very decided bearing on the heating 
results obtained in the building; first, because the type of window encourages 
opening for ventilation, and second, because, although I have described it as 
weatherstripped, it has features that make it impossible to compare it with an 
ordinary double hung window weatherstripped. 

The ground floor wall resistance was figured as 18.86 hours, transmission 
coefficient 0.053; the walls of two upper stories 14 hours, coefficient 0.071; 
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roof 15.15 hours, coefficient 0.066. Heating was calculated to zero and 160 Btu 
were assumed per square foot of radiation. 

A gravity magazine feed type boiler is used and the fuel buckwheat anthra- 
cite. The boiler is not yet covered and mains in basement have only been cov- 
ered since about the end of February; in the latter case the resistance provided 
is at least twice that usually given in ordinary commercial thickness coverings. 

The results so far observed are that on the coldest day noted during the winter, 
when 22 F below zero was recorded in the morning, the temperature of the 

water at the boiler about 10 A. M. was 124 F and during the forenoon a tour 
of the building showed that a large number of the windows were open at the 
midrail for ventilation purposes. 

In one room on the top floor, where I spent most of the day, the radiator was 
shut off entirely about 10 A. M. and was not opened again until 6 P. M., and 
during that time the window was slightly open at the center. 

The caretaker advises me that since he has assumed control of the plant, the 
highest he has noted the temperature at the boiler was 135 F and that rise has 
only occurred when wind conditions cause excessive draft in the chimney and 
he cannot keep the temperature of the water at the boiler lower, as would be 
desirable. 

My own examinations of the thermometer at the boiler have shown fluctua- 
tions from 98 F to 124 F and the building as completed is comfortable through- 
out every room. 

Coal consumption for December, January, February and March averaged ap- 
proximately 1 ton buckwheat per week. 

Showing how results in this building compare with what is evidently accepted 
practice, the temperature of water, recommended by the manufacturers of the 
pressure control tanks used, in relation to outside temperature is as follows: 


Outside Temperature Boiler Temperature 
60 deg above 120 deg 
50 deg above 130 deg 
40 deg above 145 deg 
30 deg above 160 deg 
20 deg above 170 deg 
10 deg above 180 deg 

0 Zero 190 deg 
10 deg below 200 deg 
20 deg below 210 deg 
30 deg below 225 deg 


Even though they add that these temperatures will vary according to the 
condition or construction of the building, it is obvious that the departure 
from these figures in actual experience need not have been so great if less radia- 
tion had been installed, which means that the job could have been figured for 
an outside temperature quite a bit above zero, or considerably more than 15 deg 
higher than the lowest recorded temperature for a 10-year period. 

In case there should be any question as to whether the method of figuring 
the radiation for this building showed any departure from Society recommenda- 
tions, the assumptions and calculations as actually used to determine the radiation 
for different rooms were submitted to one of the members of your Council. 

Without checking all the calculations, but after examining my figures in some 
detail, he has expressed the opinion that the amount of radiation is not overesti- 
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mated, and is in accordance with the rules laid down for your members in the 
1929 GuIDE. 

Air infiltration was not figured by the crack method, because, although the 
sashes are weatherstripped, the particular type of sash and frame construction 
used is so different from any type on which I could find any record of tests 
in published documents. 

With windows having two vertical cracks at the side of each sash instead of 
one, and only one of them weatherstripped, I did not feel that test figures could 
be made to apply. Estimates of air change were therefore made, and the 
changes assumed strictly adhere to Table 14, page 49, of THe Gurpe 1929. 

While I cannot give the same definite information about the Orillia Hospital 
Job, I can vouch for the fact that the best data, available at the time of con- 
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Fic. 3—Grounp FLoor PLAN oF THE ONTARIO GOVERNMENT'S HospiTaL AT ORILLIA 


struction, were used, and the results are, as you will note, very similar to what 
the office building gives. 


Forced Hot Water Heating 

For forced hot water heating, page 117 of Tue Guipe 1929 shows a iat of 
maximum water temperatures for different outdoor temperatures. 

Contrast these figures, showing 130 F water at 50 F outside, increasing to 
230 F water at 20 F below zero outside, with the actual experience on a forced 
hot water job at the Ontario Government’s Hospital, Orillia. 


There, as the result of wall and roof resistances of at least 12 and 20 hours 
respectively, I am advised by the operating engineer that, at about 30 F below 
zero outside, the maximum temperature of the water at the heater has not ex- 
ceeded 150 F and that a maximum of 140 F will take care of the ordinary very 
cold dips that have been experienced during the four years of the operation of 
this part of their heating system. 

Notwithstanding the wide-spreading area of this one-story hospital building, 
it has been found that for most weather conditions water can be circulated by 
gravity with a temperature drop of about 20 deg between the flow and return at 
the heater, and that the pumps are only required in very extreme low dips, when 
the flow and return temperature difference only varies from 4 to 8 deg. 

As is the case with the office building previously referred to, the operator’s 
chief difficulty is to keep the temperature of the building down with the plant as 
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installed, even although at the hospital many hundreds of feet of radiation, orig- 
inally included in the installation, have been removed and utilized in other build- 
ings. The tendency to open the windows in cold weather, noted at the office 
building, is also observable at Orillia. 

Fig. 3 gives an idea of the area covered by the Orillia building. 

Going further north to the still colder climate at the Paymaster Mine at South 
Porcupine, Ontario, one can find additional evidence of the need for revising 
heating assumptions as construction methods change. 

The developments there are very fully dealt with in three articles in the 
Engineering and Mining Journal (New York) February 16, March 2 and March 
16, 1929, Economical and Efficient Housing in Hot and Cold Climates by H. 
E. Clement and the writer. 


Residence Heating 
Fig. 4 shows two houses marked 1 and 2 and the following data are supplied 





Fic. 4.—Hovuses Nos. 1 anp 2 


by one of the largest firms of general contractors in northern Canada (dated 
April 6, 1929). 

House No. 1: 26 ft x 33 ft; 12,500 cu ft contents in house proper and 5,900 
cu ft in basement; coal consumed since last fall 7 tons; house heated evenly, 
having a uniform temperature of 70 F or slightly over at all times; 350 sq ft hot 
water radiation; boiler is a jacketed, hot water, domestic heater having a grate 
15 in. in diameter, but not rated in radiator capacity as it is not ordinarily used 
for heating buildings; temperature of water 140 F with outside temperature 
from 25 to 35 F below zero; average temperature of water for three cold winter 
months 130 F. Occupant of this house is an engineer and is the master 
mechanic for the construction company. He reports that as the extreme cold 
weather only lasts from 24 to 48 hours, he could not see any very marked dif- 
ference in the firing to keep the house at the same temperature during extreme 
cold weather. Resistance of walls and roof of house No. 1, approximately from 
12 to 14 hours. 

House No. 2: 25 ft x 29 ft, much less cubic contents than house No. 1; has 
450 sq ft hot water radiation, average temperature water during three severe 
winter months 160 F; house not nearly so warm or so evenly heated and con- 
sumes more coal. House No. 2 was built by same construction company and 
was of much better construction than ordinary frame buildings as the sheathing 
outside of studs is double with felt between; studs sheathed with lumber inside, 
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then felt and lath and plaster; sunroom in House No. 2 not heated, whereas in 
No. 1 it is built in with house and heated. 


Skyscraper Possibilities 
Up to the present the results I have described have not been economically 
possible in skyscraper construction, but I am satisfied that within the next few 


years materials will be developed that will make possible wall and roof resis- 
tances of 15 to 20 hours. 


The greatest stumbling block to such progress is the difficulty in getting the 
building by-laws in our large cities changed to allow engineers and architects 
to take advantage of the results of modern research work. 

The demand for increased height and consequently reduced weight will com- 
pel the use of materials having very much greater resistance to heat flow than 
those now commonly used. Such materials are available now and all that is 
needed is to adapt them to skyscraper requirements. 


I have the figures for a recently erected 16-story building in Toronto before 
me, and I note that the resistance of the wall was figured as 3 1/3 hours and 
that nearly 5,000 sq ft of radiation was required for wall losses. With this re- 
sistance increased to 20 hours, as will soon be possible, 800 sq ft of radiation 
would take care of the wall losses, a reduction of 4,200 sq ft. As the total radia- 
tion for the building was 10,000-sq ft, the saving would represent at least 40 per 
cent and as it would not be necessary to figure down to as low an outside tem- 
perature the saving would probably be even more than 40 per cent. In dollars and 
cents at present prices in Toronto, it would amount to at least $7,000.00 and for 
this particular building that represents about 15 cents per sq ft of exterior wall. 

The new construction materials to give such results will not be added to the 
existing types, but will take the place of some of them. Even with present 
developments known to research organizations, an allowance of 15 cents per 
sq ft of wall or roof would go a long way towards making up any difference 
between the cost of what we now do and what we will do in the near future. 


Intermittent Heating 


In buildings where the heating problem is complicated because of intermit- 
tent use, such as churches, club-rooms, etc., a substantial increase in resistance 
to heat loss offers a much more economical solution of the problem than the 
provision of excess stand-by heating equipment. 

My attention has been drawn to several cases, where the amount of heating 
plant installed for this purpose represents not only considerable capital outlay, 
but also a very wasteful annual expenditure for maintenance and operation. 

In this connection, it should be noted that while the work already done shows 
that high resistance will permit large reductions in the amount of radiation, 
care should be taken in cutting down the sizes of heating mains and boilers. 
Free and rapid circulation is essential. 

These jobs I have had to do with personally have been successful, I believe, 
because my associates have given special attention to this feature of the work. 


Use of Gas and Electricity for Heating 
Your members know more than I do about the future possibilities in the use 
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of gas, electricity, oil, etc., for heating all kinds of structures, but I think you 
will agree that their fullest development will only be possible when we, as archi- 
tects, provide you, as engineers, with wall and roof resistance sufficient to bring 
the cost to the consumer within the reach of a much larger clientele than will 
now consider such methods. However, the demand for labor saving equipment 
is spreading and your practice along such lines will undoubtedly be influenced 
by your co-operation in educating the public, and educating the public can only 
be done by using language it can understand. 


Conclusion 


I may not have submitted enough technical data to show that the points raised 
in this paper are of any serious interest to practicing engineers. 

I submit, however, that no Society, professional or otherwise, can achieve 
its greatest end, namely, service to its members, when these members are de- 
pendent on the support of all the people, unless it makes its work known to the 
greatest possible number of people. 


This paper, then, is a plea for a wider diffusion of knowledge of heating pos- 
sibilities by using language that would make such diffusion possible. 


DISCUSSION 


Pror. L. M. Arkiey: In regard to Mr. Govan’s paper, the first suggestion 
that he makes is in connection with our definition of resistance, and I think 
perhaps that it is a good one, because when you tell a layman that your conduc- 
tivity coefficient is based on the Btu transferred per square foot, per degree 
difference in temperature, per hour, he is all up in the air. So it seems to me 
Mr. Govan’s suggestion might be well taken. 


In regard to the second feature of the paper where he suggests basing our 
computations on an 18- or 20-hour resistance factor, I think it will perhaps be 
some time in the future before we can do that, because there are no buildings 
or very few that are built on that assumption at the present time. 


S. R. Lewis: I have had some experience with warehouses along the line Mr. 
Govan suggests, and I have had the same rather interesting conclusions. When 
we are talking about putting in a heating plant, we do not care very much 
about the efficiency of the building construction. We will burn more coal, and 
do not worry about it. When we have to do with other things to be heated, 
lo and behold, we are subconsciously building the building so well that we do 
not need any heating plant. 

R. C. Botstncer: I would like to ask the speaker whether he found the same 
conditions existed when they used steam for heating the buildings as they did 
when they used water. 

James Govan: I am sorry to say, I have no experience at all with steam in 
a building having a high resistance such as I have spoken of today. It so hap- 
pens that all of the buildings into which resistance of that kind has been built 
that have come to my attention, have been heated with hot water, and indeed, 
it is fortunate that that has been so, because if we had ordinarily steam heated 
buildings with the kind of resistance built in there, you can see what would 
have happened. If we circulate water at 130, when ordinary calculations show 
we should be doing it at 200, what would happen if we had steam where we 
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could not modify the temperatures in the radiators, except we had been using 
some sort of modification system of steam. I have had no experience to answer 
the last question. 

C. L. Ritey: I think the tendency that we are now finding in some of our 
work to introduce cool air in the summer, will force upon us the consideration 
of such factors as Mr. Govan has spoken of. Heretofore, we have simply 
thought of the heat needed in winter in a building, and have taken the building 
as we found it, or as the architect designed it, and we have not concerned our- 
selves with the construction of the building, except in a general way perhaps, 
and we have put in a heating plant which will provide heat enough to heat the 
building as it is. Now, our job is going to be in the very near future, when we 
get into refrigeration in summer, to take in hand the entire design and provide 
buildings which will hold the cold in summer and the heat in winter, along the 
lines that are suggested by Mr. Govan. I think it is right ahead of us just as 
he says, but we have not had such severe conditions as he has had to deal with, 
so it is very valuable for us, in view of what we shall soon have to do, to have 
some of these figures on record. 

G. T. Pearce: I think Mr. Govan’s suggestion in regard to putting the ques- 
tion simply to the people who are to use your materials is very excellent. We 
in the refrigeration industry have a condition that is rather difficult to combat. 
We have had a condition for a period of years—whether it is due to the fact 
that those who talked about insulation for refrigeration talked in terms which 
were not intelligible to the general public, or whether it was due to the fact 
that they wanted to have others feel that they knew more about the subject 
than anyone else could—but the general public when you talk to them about 
insulation, figures that you have to have a certain definite ability, perhaps mys- 
terious or otherwise, and unless you make those particular passes at the time 
that you are building a building, or building a structure, your result is not 
going to be right. 

Now, any boy who has finished the eighth grade can take the information 
that is available and figure out what the heat transmission is through that build- 
ing structure, or any kind of an edifice, and do it without going beyond the 
studies that he has achieved up to the eighth grade. Thus, we take the mystery 
out of the proposition, because we are having a very hard time to get the 
mystery out of refrigeration. Get it out in the beginning instead of waiting 
until later ! 

Pror. F. E. Giesecke: I consider this paper a very valuable contribution to 
our literature. It has given me a new idea and, I believe, a very valuable one. 

Mr. Lewis: If I am not mistaken, during the war, statistics showed that we 
burned about as much coal per square foot of installed radiation in Texas 
as we did in Northern Minnesota. As you go north we build buildings better, 
and so use less fuel proportionately. 

L. A. Harpinc: I should like to ask Mr. Govan how the infiltration was cal- 
culated in these buildings—on the basis of leakage of periphery of the sash or 
on air changes—Tue GuIpE gives both and it sometimes makes quite a differ- 
ence in the results obtained in the building. 

Mr. Govan: That question is answered in the paper itself, but I might ex- 
plain that the particular window used in this building was one that not only 
slid up and down, but the sash was divided all around in such a way so as to 
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get double cracks. It is a sort of compound sash that opens as a casement. 
That means that while we weatherstripped the sliding portion, there was another 
portion there that we did not weatherstrip, and I could not find anything in Tue 
Guie that would give me any information at all that could be used with regard 
to those particular windows. We took the information in Tue Guipe as to air 
changes, therefore. In other words, the exposures, whether the windows are on 
two sides, etc., were noted, and the instructions in THe Gurne as to air infiltra- 
tion were very carefully followed. 

Anticipating a question of that kind, I asked a member of your Council, H. 
H. Angus, to go over the figures for one or two of the rooms in that particular 
office building with me, to see whether the calculations were in excess of what 
your GuipeE called for. He assured me that not only were they not over-esti- 
mated, but probably if anything, were under-estimated. 

On the other hand, as I said in my delivery, on the coldest day in the winter, 
three of us went around that building and found that 50 per cent of the windows 
in all the occupied rooms were open when the outside temperature during that 
forenoon was 22 below zero. That is the answer to the question as to whether 
the infiltration really is at the bottom of the differences that we are getting 
from THe Gurpe figures, and the same thing applies to the hospital building 
in Orillia, Ontario. They are having difficulty keeping the windows closed. It 
is so warm even at 30 below zero, that they will open windows, and the admin- 
istrators of the building have told me repeatedly that they wish they could find 
some way of controlling the windows being left open at night. 

CHAIRMAN Lewis: Mr. Govan, if I might introduce a remark here—you 
know the Scotch are a hardy race. 

Mr. Govan: Well, that hospital building, Mr. Lewis, is a hospital for feeble- 
minded, and it is not occupied by the Scotch. 

Mr. Harp1nc: Do you attribute this difference to apparently mistaken values 
that we are using for overall transmissions in THe Gumpe? Do you think that 
is where your trouble lies? 

Mr. Govan: No, I think that your Guipe figures are quite all right for that, 
but the assumption that you make—take our 20 year period, the lowest tempera- 
ture for 20 years or so, and then go 15 deg above that, does not apply to a well 
insulated building. In other words, the heat retained over a period of 10, 12 
and 14 hours, will see you over your low depths, and you can very well come 
away up on buildings such as I am describing. Instead of figuring down to 
10 below, you could in Toronto, for instance, figure at 10 above, and it is that 
difference that is playing hobb with all your Gurpe recommendations. 

Mr. Harpinc: What do you figure restores this heat in the building, the 
air or furniture or what? 

Mr. Govan: No, the fact is that the heat cannot get through the wall. In 
other words, as I said, if the wall and roof construction will hold a given amount 
of heat under a given temperature condition for 20 hours, whereas the ordinary 
old type of walls only held it for 4 or 5 hours, that is why you take care of the 
low depths, because the low depths usually do not last for more than a few hours. 
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